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Prostate*spedfk membrane antigen (PSMA) is a trans- 
membrane glycoprotein recognized by the niurine mono- 
clonal antibody (MAb) 7EI I -C5 J both in its native (CYT- 
350 immunoeonjugate form (CYT-3S*). Previous 
studies have shown that tissue expression of PSMA is 
highly restricted to prostate tissues. In this study, a defin- 
itive immunohistochemistry evaluation was performed to 
assess PSMA expression in prostate tissues. A stain index 
was estabflshed by multiplying the percentage of stained 
cells by the intensity of tiie stained cells to provide a quan- 
titttive measurement of PSMA expression in the various 
tissue types. The cellular location of PSMA, its correlation 
writh clinical status, and its comparison with the expression 
of prosUte-specific antigen (PSA) were evaluated. Pros- 
tate-spedflc membrane antigen was found to be highly 
expressed in most of the normal intraeptthcliai neoplasia, 
and the primary and n^etastatic prostate tumor specimens 
evaluated. In contrast to PSA. PSMA expression was often 
heterogeneous with variable staining patterns, ranging 
from a low-level diffuse cytoplasmic staining in normal 
prostate epithelium to very Intense cytoptasmic and focal 
membrane staining in high-grade prinwy carcinomas and 
metastatic tissues. The predominant cytoplasmic stainmg 
was expected because the antigenic epitope of the PSMA 
transmembrane glycoprotein recognized by MAb 7EII- 
C5 J is located in the cytoplasntlc domain. Benign prostate 
tunr>ors. ie. hypertrophy, showed the lowest expression of 
PSMA with a stain index of 52, compared with stain in- 
dexes of 146 and 258 for normal prosute and bone met- 
astatic tissues, respectively. The reason for the apparent 
down-regulation of PSMA in benign prostate tissue is un- 
known but may be related to a splldng variant or post- 
transitional modification of PSMA. Expression of PSMA 
was observed to increase with bicreasing pathologic grade, 
but not with dinkal stage. Although PSMA was overex- 
pressed in poorly differentiated and metastatic prostate 
tumors, expression bi the printary tumor did not correlate 
with nodal status, extracapsular penetration, or seminal 
vesicle invasion. These results suggest that PSMA is not a 



From ttie Oepvtmena of 'Micnbtoioey and Imimmoiov tod nirology, md 
m»e ViTvnia Prosute Center. Eastern Virginia Medical School aod ftSentara 
Cancer Institute. NoffeUc Virginia. 

Supported in part by a grant from the CYTOGEN Coiporattoo. Prtncetcn. 
NewJeney. 

Address correspoddence to Geor^ L Wrifbt, Jr. PhD. Oepaitment g( Mi- 
crobloloor and Immunoiosy. Eastern Virginia Medical School. 700 Otney Road. 
NortoULVA23S0i. 



Urol Oncol 1995:1:18-28 

O 1995 Elsevier Scteoce Inc. 

6SS Avenue of the Americas. New York, NY 10010 



useful biomarker of disease progression; however, high 
expression does appear to be associated with the more 
aggressive prosute cardnoma phenotype. The restricted 
specificity, differential prosute tissue expression, and 
overexpression of PSMA in metasUtIc tissues support the 
continued study of tiiis unique prostate tumor-associated 
biomarker for developing new strategies for diagnosis and 
therapy of prostate cancer. (Uroi Onco/ t995:l:l$^28) 

Prostate cancer is the most common (noncutaneous) 
cancer diagnosed in the American male and is steadily 
Increasing, not only as a result ol an increasing popu- 
lation of older men, but also because oi greater awareness of 
the disease and earlier diagnosis using tumor markers such 
as prostate-specilic antigen (PSA), it is projected that 200.000 
men were diagnosed with prostate cancer in 1994.* represent- 
ing a 34% increase in the number oi prostate cancer cases 
(165,000) diagnosed in 1993. W the 1994 estimate is accurate, 
prostate cancer will become the most commonly diagnosed 
cancer, exceeding breast cancer (183,000) by 27.000 cases. 
More than 38,000 men are expected to die of prostate cancer 
in 1994. making deaths from prostate cancer second only to 
lung cancer deaths. Patients diagnosed with kxalized disease 
have far better survival rates than patients diagnosed with 
metastatic disease. Early detection of localized prostate can- 
cer and improved treatment of metastatic disease are impor- 
tant strategies to reduce prostate cancer deaths. 

Although serum PSA measurements have had a major im- 
pact on ttie diagnosis and management of prostate cancer,^-^ 
PSA is far from being the ideal cancer marker. Twenty-five 
percent of patients with benign prostatic hypertrophy (BPH) 
present with elevated levels of PSA, approximately 30% of 
prostate cancer patients present with normal PSA values, and 
PSA expression is unable to differentiate biologically active 
from inactive cancers. These statistics suggest that other clin- 
ical markers are needed to improve early diagnosis, to ider»- 
tffy aggressive tumors, and to develop new therapeutic strat- 
egies. A new prostate marker, larostate-spedfic membrane 
antigen (PSMA), may meet one or more ol these objectives. 
Prostate-specific ntembrane antigen appears to be a trans- 
membrane glycoprotein with a major Mr 100,000 compo- 

fwnt^ rKogniz«d by monoclorul antibody ^MAb) TKIJ- 

Recentiy, the cDNA encoding PSMA was ctoned. and die 
deduced amino add sequence revealed a novel polypeptide 
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Structure/ ClinicaJ trials using MAb 7Eil<3-3 conjugated to 
either " Un or are in progress (or diagnostic imaging and 
therapy, respectively.*"" Previous reports^'^*^ have shown 
that PSMA expression is highly restricted to prostate tissues 
and that the expression in normaJ prostate tissues appeared 
to be less than that in malignant prostate tissues. These stud- 
ies, performed primarily to determine the specificity of PSMA 
expression, evaluated a small number of tissue specimens, 
and no relation of PSMA expression to clinical status was 
presented, hi this report we present a definitive description 
of the differential expression of PSMA in normal prostate, 
BPH. prostate rntraepitheliai neoplasia (PIN), and primary and 
metastatic prostate carcinoma (CaP) tissues, and the relation 
of PSMA expression to tumor grade and extraprostatic dis- 
ease. 



Materials and Methods 
Tissues 

Formalin-fixed, paraffin-embedded blocks of transurethral re- 
sected specimens ot BPH. prostatectomy specimens of pros- 
tate carcinoma, and lymph node and bone metastatic tissues 
were obtained from the Virginia Prostate Center Tissue Bank. 
Normal prostate tissue was obtained from males aged 16 to 45 
years with no evidence of prostate disease. These tissues 
were obtained by autopsy, usually within 12 hours after death, 
from the Cooperative Human Tissue Network, University of 
Alabama at Birmingham; and from the Norfolk Medical Exam- 
iner's Office. All tissue specimens for paraffin embedding 
were fbced in the same neutral buffered 10% formalin. Sam- 
ples of normal. BPH. and prostate carcinoma tissues obtained 
directly from surgery or autopsy also were embedded in OCT 
compound in cryomolds and snap-frozen in isopentane over 
liquid nitrogen. 

Monoclonal Antibodies 

Affinity-purified MAb 7ZU-C53 (referred to as native anti- 
body or CYT-351) and an affinity-purified conjugated form of 
MAb 7EU-C53 (designated CYT-SSS") were provided by 
CYTOGEN Corp. (Princeton. NJ). Monoclonal antibody EVMS- 
PSA-5 was produced in mice against purified PSA from pooled 
normal seminal plasma and affinity purified from ascites, fol- 
lowing our published protocols.**"** 

Immunoperoxidase Staining 

The expression of PSMA and PSA in tissues was detected by 
the avidin-btotin peroxidase assay using the ABC Elite Vecta- 
stain kit (Vector Latx)ratories. Burlingame, CA). as described 
previously.'*"*^ Briefly. 4-jLm paraffin sections were cut de- 
paraffinized. and rehydrated through xylene and a graded se- 
ries of alcohols. Endogenous peroxidase activity was blocked 
with 03% HjOj in methanol tor 30 minutes. Frozen sections 
were cut at 6 ixxn. bridly dipped in cold acetone, and stored 
at - 20X until used, or air dried for 30 minutes before pro- 
ceeding with the staining reaction. Endogenous peroxidase 
activity was blocked with 3.0% H2O2 in water for 5 minutes. 



From this point on, both frozen and paraffin-embedded sec- 
tions were treated in the same manner. Nonspecific binding 
was blocked by incubation with 10% normal horse serum for 
10 minutes, followed by a 30-minute incubation with the pri- 
mary antibody, either MAb 7E1 1-CS3 or PSA-5. followed by a 
10-minute incubation with the biotinylated secondary anti- 
body, and then the ABC complex. The optimal concentrations 
for the antibodies (20 ^.g/mL for MAb 7£1 1-C53 and 2 ^gmiL 
for PSA-5) were predetermined by titrating the MAbs on nor- 
mal. BPH. and prostate carcinoma tissues. These concentra- 
tions from the same antitxxty lot were used for evaluating all 
the specimens in this study. After development with the chro- 
mogen substrate 33'-dlaminobenz)dine tetrahydrochloride 
(Sigma. St. Louis, MO), the sections were counterstatned with 
Mayer's hematoxylin and mounted in aqua moum (Learner 
Laboratories. Pittsburgh, PA). Antigen expression was scored 
by calculating the percentage of cells positive in a number of 
20-mm obiective views sufficient to cover all areas of the 
tissue section. Staining intensity was also recorded using a 
scale of 1 (low), 2 (moderate), and 3 (high). The stained tissue 
sections were scored independently l>y two investigators, 
with the two scores having a difference of less than 10%, A 
stain index was calculated by multiplying the mean percent- 
age PSMA-positive cells by the mean staining intensity. 



Results 

Expression of PSMA and PSA in Normai, 
Benign, and Malignant Prostate Tissues 

The binding of MAb 7EI 1-C53 was compared with the binding 
of a MAb to PSA using the immunoperoxidase assay on frozen 
and formalin-fixed, paraffin-emfc>edded tissue sections of 
prostate specimens consisting of normal prostate, BPH, and 
malignant primary and metastatic prostate carcinomas. By 
optimizing the staining conditions, both frozen (data not 
shown) and paraffinized tissue specimens from the same pa- 
tient gave identical staining patterns for MAb PSA-5 and the 
native and immunoconjugate forms of MAb 7E11-C53. The 
use of paraffin-embedded tissues enabled us to conduct a 
large retrospective study to evaluate MAb TEll-CSJ reactiv- 
ity on normal, benign, PIN, and malignant prostate tissues. 
The epithelial cells of all four prostate tissue types were 
found to express both the PSMA and PSA antigens (Table 1 ; 
Figures 1-4). As expected, nearly all the prostate specimens 
expressed PSA. with the exception of the bone marrow met- 
astatic specimens, of which only 57% stained positive for PSA. 
The mean percentage of epithelial cells expressing PSA 
ranged from 80-98% for all prostate tissue types, with the 
exception of the bone metastatic specimens (48%). Ninety- 
one to 100% of the prostate tissues expressed PSMA, with the 
exception of the BPH specimens, in which PSMA expression 
was positive in only 22 of 27 (Sl%). The mean percentage of 
epithelial cells expressing PSMA in the PIN specimens was 
59%. and in the primary prostate carcinomas was 53%. The 
highest expression was found in the metastatic tumors: 7^ 
for lymph nodes and 92% for bone metastasis. Of special 
interest was the observation that the highest percentage 
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TABLE I . COMPARISON OF PROSTATE-SPECinC MEMBRANE ANTIGEN WITH 
PROSTATE-SPECinC ANTIGEN EXPRESSION IN FORMAUN-FIXED, PARAFTTN-EMBEDOED 
PROSTATE TISSUES 





PSMA 


PSA 






No. positive/ 


Mean% 


No. positive/ 


Mean% 


Tissue 


no. testc<i 


positive cells 


00. tested 


positive cells 


Normai 


12/12(10096) 


77 


12/12(100%) 


98 


BPH 


22/27 (81%) 


29 


27/27(100%) 


95 


PIN 


21/21(100%) 


59 


21/21 (100%) 


9S 


CaP 


157/165 (95%) 


53 


161/165(98%) 


81 


LNmets 


72/79(91%) 


72 


74/79(94%) 


81 


Bone mets 


7/7(100%) 


92 


4/7(57%) 


48 



PSMA s pro«ute>ipedfic membrane utlfen: PSA a pnMttte^pcdlic utlfco: BPH » benl|D prutsle hyperptwto; 
PIN « profUte tntmpltbelUl neopluU; C«P - prtmwy prwtate carciaoma; ' tymph aod«: Nets s oetastssU. 




FIGURE I. (nrnmnopcraxtdne saininf of norrml. bentn (BPH), tnd PIN tissues with monockanat wciboditi to mOw PSMA or PSA. A-D) Narrral 
prosciM tioues. A) md 8) coined for PSMA: C) md D) seamed for PSA. Note diffuse cytoplasmic and low saining tntemitx for PSMA. E) md F) BPH ossue 

saamS (tar rSMA ff ; antf MA (P>. Hmo auMsrmi feul irwRU an* wuinm^ for P5MA (.rrww,). C) WN P6MA. okgM ..^ywncixlont 100 ^A-C); 

X200 (Bi)£F,G): k400 (f raeQ. 
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FIGURE 3. Meoststic prorate 
showinf incense focai and lumiiul 



sained for PSMA. A) and B) Lymph node metasonc osnit. Q Bone fn e osotic ttssue. B) is a higher mofnifkatien 
sainin{ {trrowt) aisociaced with minimal cycoptasmtc saining. Ongtnal mapnTicaiion: x 100 (A.C): x400 (B). 



(77%) of epithelial ceils expressing PSMA was in the normal 
prostate specimens, and the lowest percentage of positive 
celts (29%) occurred in the BPH specimens. 

Expression and Cellular Localization of 
PSMA in Prostate Tissues 

We evaluated PSMA expression in prostate tissues further by 
taking into consideration both the percentage and the stain- 
ing intensity ol prostate epithelial cells. A stain index was 
calculated by multiplying the mean percentage of cells ex- 
pressing PSMA by the staining intensity (1 - low; 2 - mod- 
erate; 3 = high intensity). With this approach, BPH specimens 
clearly had the lowest stain index (SI - 52). ie. the lowest 
number of positive epithelial cells and the lowest staining 
intensity (Table 2. Figure IE). Both the number of stained 
cells and the staining intensity increased in the PIN (Figure 
IQ) and cne maitgnant prostate specimens (Figure 2), with ttic 
highest index (SI 258) determined for the bone metastatic 



specimens. Although the normal prostate tissues had a high 
stain index (51 - 146). the staining pattern was quite different 
from that of the other tissue specimens. In these specimens, 
PSMA expression was predominantly diffuse and cytoplasmic 
with low to moderate staining intensity (Table 2; Figure IB), 
with an occasional duct or luminal cell showing luminal 
membrane staining. Of all prostate tissues examined. BPH 
demonstrated the greatest antigenic heterogeneity. In con- 
trast to normal prostate, few himinal cells expressed PSMA 
and the expression was often focal, with some apical mem- 
brane staining and minimal cytoplasmic staining (Figure \t\ 
The PIN lesions had a stain index (SI = 130) similar to normal 
prostate but showed a more intense, diffuse cytoplasmic and 
luminal membrane staining (Figure IG), The stain index (SI 
133) for PSMA expression in the 165 primary prostate carci- 
nomas evaluated, including all histopathologic grades, was 
similar to the index for normal and PIN tissues (Table 2). 
Cellular local UoUun of PSMA In theae tissue* raag«d from 
difhise cytoplasmic staining in the well*dilferentiated sped- 




FIGURE 4, lmmunop«fO)(Wase saining o* thrat rcprwemwrve prostate orcinomas to iHustrwe the differtfJtiil PSMA expreaion in various tissue types 
in the same specimen. A) and B) are serial secocns from one proem: C) and D) art scctiom from two (Jiffer«m patients, respectivtty. A). C). »nd D) were 
stained *or PSMA and B) was stained for PSA Note minimal lo no staining tn the normat/benign and well-differentiated (trrows) areas, compared with the 
intense focal and lumtnil membrw staining with some cytoplasmk staining (particutarfy in section D) in the poorty differentiated carcmoma areas. Note that 
all tissue areas stained for PSA (B). Original magniftcanorc x 100 (A-0). 



TABLE 2. DIFFERENTIAL EXPRESSION OF PROSTATE-SPECIFIC MEMBRANE ANTIGEN IN FORMAUN-FDCED, 
PARAFFIN-EMBEDDED PROSTATE TISSUES 



Tissue 


No. positive/ 
no. tested 


% positive 
cells' 


lotensity* 


Stain 
Index^ 


DC 


PSMA localization' 
EC F/M 


LE 


Normal 


12/12(100%) 


77 ±32 


1.9 ± 033 


146 


+ 4- 






-1- 


BPH 


22/27(81%) 


29 ±29 


13 ±0.90 


52 


-1- 








PIN 


21/21 (100%) 


59 ±21 


22 ± 037 


130 


+ 




+ + 




CaP 


157/165(95%) 


53 ±32 


2-5 ± 0.66 


133 


.+ + 






+ -t- + 


LN mets 


60/64 (94%) 


72 ±36 


2.7 ± 0.92 


194 




+ + 


+ + + 


-r -r + 


Bone mets 


7/7(100%) 


92 ± 10 


2A ± 0.40 


258 








+ + -t- 



DC o diffaae cytoplMmlc; FC = focel erae* wtUiln tbe cytoplum; F/M " ntcmbr&ne or fociJ mcnbnse: LE » edge of lumioel ceUa; other 
ebbrevUtions e» to Teble I. 

^SUln Index cakvUicd by RSuHlptylnf ttic neen percentefc of ceU» »Ulnittg by the etelBtttf toteastiy. 
a low ■talnlBg: 4-4 a nodervte ttBlniaf : ^ high stelalag. 
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TABLE 3. PROSTATE-SPECIFIC MEMBRANE ANTIGEN EXPRESSION 
VERSUS GRADE 



Gleason 
sum 


No. positive/ 
no, tested 


Mean % cells 
positive 


Mean stain 
intensity 


SUin 
index 


2-4 (WD) 


22/26(85%) 


48 


23 


110 


>-7(MD) 


92/100(92%) 


50 


25 


125 


8-10 (PD) 


37/39(95%) 


62 


2.6 


161 



WD - weUHUffcmttUtod; MD ° BOdcrmtcly dlliuTiittoted; FD » poorty dlffercndaied. 



mens (Figure 2A) to intense focal and luminal membrane 
staining in the mo<ierate (Figure 2C) to high-grade carcino- 
mas (Figure 2E). Perinuclear staining was sometimes ob- 
served in a few malignant epithelial cells in some of the high- 
grade specimens. Staining heterogeneity was evident for all 
tumor grades, with the highest degree observed in the low to 
moderate grades. The highest PSMA expression, in terms of 
number of cells staining and intensity of staining, was ob- 
served in the metastatic tissues (Table 2; Figure 3). As shown 
in Figure 3, the predominant cellular expression of PSMA in 
the lymph node and bone metastatic specimens was intense 
apical membrane staining, often with minimal cytoplasmic 
staining (Figure 3). Less common was the finding of occa- 
sional perinuclear suining and intensely stained focal areas 



within the cytoplasm (not shown). The PSMA staining pattern 
obsoved in the metastatic tissues was similar to that for the 
moderate to high-grade prostate carcinoma specimens (Fig- 
ure 2C and E); however, there was considerable less staining 
heterogeneity in the metastatic tissues. 

PSMA Expression by Tumor Cnuie 

Table 3 shows the expression of PSMA in the different patho- 
logic grades. The Gleason scores of all 165 primary prostate 
carcinomas were placed into three groups representing the 
three general pathologic differentiation grades. Although not 
remarkable, a slight but positive correlation of P^4A expres- 
sion with tumor grade was observed. The differential expres- 



TABLE 4. COMPARISON OF PROSTATE-SPECIFIC MEMBRANE ANTIGEN 
EXPRESSION IN LOW-GRADE AND HIGH-GRADE TUMOR AREAS ON THE SAME 
PROSTATE CARCINOIVU TISSUE SPECIMEN 



Tissue 
specimen 




Low grade 






High grade 




%CeU* 




Index^ 


%CelI» 




Index*" 


CA153 


20 


1 


20 


95 


3 


285 


CA1061 


20 


1 


20 


98 


2.5 


245 


CA8750 


10 


1 


10 


70 


3 


210 


CA5262 


20 


1 


20 


75 


3 


225 


CA1124 


70 


3 


210 


90 


3 


270 


CA1197 


35 


1 


35 


100 


3 


300 


CA1789 


50 


l 


50 


50 


2 


100 


CA8331 


20 


1 


20 


98 


3 


294 


CA1022 


5 


1 


5 


90 


25 


225 


CA2048 


55 


3 


165 


100 


2 


200 


CA7506 


70 


2 


140 


95 


3 


285 


CA4319 


5 


1 


5 


90 


2 


180 


CA447S 


35 


2 


70 


90 


3 


270 


CA3651 


10 


2 


20 


80 


3 


240 


CA3984 


20 


1 


20 


60 


3 


180 


CA8725 


50 


3 


150 


90 


3 


270 


CA1471 


85 


2 


170 


100 


3 


300 


CA6166 


10 


1 


10 


95 


3 


285 


CA0600 


40 


2 


80 


70 


3 


210 


CA5850 


100 


1 


100 


100 


3 


300 


CA1977 


65 


3 


195 


80 


3 


240 


CA1709 


10 


1 


10 


99 


25 


248 
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sion of PSMA in low- and higb-^ade carcinomas was more 
accurately accessed when separate indexes were calculated 
for the tow- and high-grade areas contained in the same tu- 
mor specimen. Table 4 shows the results of PSMA expression 
in 22 randomly selected high-grade carcinomas containing 
focal areas ol low-grade carcinoma. In all 22 cases, the stain 
index for the high-grade areas (mean SI - 244) was higher 
than that for the low-grade areas (mean SI = 59). Figure 4 
shows the differential staining patterns in three carcinoma 
specimens containing t>oth high- and low-grade tumor areas. 
Strong staining was observed in the poorty differentiated ar* 
eas. often with mmimai to no staining of the low-grade areas 
and the normal/benign areas. No correlation was found be- 
tween PSMA expression and clinical or pathologic stage (data 
not shown). 

PSMA Expression in Lymph 
Node Metastases 

The high PSMA expression in metastatic lymph nodes (94% of 
64 positive nodes. SI = 194; Table 2) si^ggested that PSMA 



expression in primary carcinomas may represent a biomarker 
of metasUtic prxigression. Although the percentage of tumor 
ceils expressing PSMA often was increased in the metastatic 
lymph node (Table 5), the patient's primary carcinoma did 
not reflect this PSMA activity: therefore. PSMA staining tn the 
primary tumor was not predictive of nodal status (Table 6). 
Similarly. PSMA expression did not correlate with positive 
margins, extracapsular penetration, or seminal vesicle inva- 
sion (data not shown), (^rrespondingly, PSA expression also 
did not correlate with these pathologic parameters (data not 
shown). 

Discussion 

Prostate-specific membrane antigen is expressed as a prom- 
inent Mr 120W) transmembrane glycoprotein in prostate tis- 
sue extracts and seminal plasma,^ It is detected using the 
mouse MAb 7E1 1-CS3. produced against a membrane extract 
of UVCaP ceils/ " * ^ Immunostaining of normal and malig- 
nant tissues dentonstrated that PSMA expression is highly 
restricted to prostate tissues'-** (also Wright GL Jr, Haley C, 



TABLE 5. EXPRESSION OF PROSTATE-SPECfflC MEMBRANE ANTIGEN 
AND PROSTATE-SPECIFIC ANTIGEN IN THE PATIENTS PRIMARY PROSTATE 
CARCINOMA AND LYMPH NODE METASTASIS 



Prtmary carcinoma Metastatic lymph nodes 



Patient 


Gleason* 
sum 


Percent cells 


Percent cells 


PSMA 


PSA 


PSMA 


PSA 


CA2577 


4 


0 


90 


10 


25 


CA1290 


4 


3 


40 


20 


70 


CAS624 


5 


70 


100 


5 


5 


CA4306 


5 


10 


95 


75 


100 


CA2149 


6 


5 


90 


0 


95 


CA2071 


7 


15 


100 


45 


95 


CA9970 


7 


40 


95 


95 


95 


CA1842 


7 


40 


10 


75 


25 


CA5972 


7 


85 


98 


98 


93 


CA6918 


7 


20 


100 


100 


90 


CA4495 


7 


95 


100 


100 


100 


CA5371 


7 


25 


10 


5 


30 


CA8170 


7 


45 


100 


90 


50 


CA1197 


7 


00 


95 


100 


100 


CA1064 


7 


60 


85 


65 


100 


CA6136 


8 


65 


100 


40 


100 


CA1007 


8 


90 


100 


80 


95 


CA1435 


8 


70 


100 


100 


90 


CA1640 


8 


10 


40 


95 


50 


CAi602 


8 


55 


90 


95 


80 


CA4475 


8 


75 


100 


100 


100 


CA1360 


8 


5 


100 


5 


75 


CA1551 


8 


85 


90 


75 


95 


CA5750 


8 


80 


100 


100 


90 


CAS292 


8 


75 


90 


25 


25 


CA3411 


9 


30 


35 


25 


80 


CA3984 


9 


70 


100 


90 


100 



PSMA « rroMle-cpedJlc membrmnc aiitltcii; PSA « pnictett-tRcdfle uttlfeo. 
*GlcMoa Mm; 1-4 s weU-dineraiUaicd; 9-T ■ nodumteiy dlffcratiated; 8-10 - poorfy dUlcr- 
eotUtcd. 
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TABLE 6. PROSTATE-SPECinC MEMBRANE ^NnC£N AND PROSTATE-SPECiFlC ANTIGEN 
EXPRESSION IN PRIMARY CARCINOMA VERSUS NODE STATUS 







PSMA 






PSA 




Node 


No. 


No. 


Mean % 


No. 


No. 


Mean% 


status 


tested 


positive 


positive ceils* 


tested 


positive 


positive cells* 


Positive 


21 


21 


54 - 32.1 


21 


21 


86:^26.2 


Negative 
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Beckett ML, unpublished results). Early immunohistochemis- 
try studies showed that MAb 7En-C53 bound the type*2 mus- 
cle fibers of normal skeletal muscle; however, a ^'*ln-labeled 
immunoconjugate (CYT-356) of MAb 7En-CS3 tailed to lo- 
calize to skeletal muscle.*^ Recent studies in our laboratory 
(Troyer JK, Feng Q. Beckett ML. Wright CL Jr, unpublished 
results) and at Sloan-Kettering** have shown that neither the 
PSMA glycoprotein nor the PSMA mRNA could be detected in 
tissue extracts of normal skeletal muscle, suggesting that the 
observed immunostaining in skeletal muscle is entirely non* 
specific. Further studies from these laboratories have shown 
mRNA'* and P^A (Troyer et al, unpublished results) in ex- 
tracts of normal brain, salivary gland, and small intestine by 
blotting procedures, but not by immunohistochemistry of fro- 
zen or formalin-tbced tissue sections^ " (also Wright et al, 
unpublished results). These results suggest cither that PSMA 
expression is below the detection limits of the immunohisto- 
chemistry assay or that post-translational modifications mask 
the PSMA epitope in these tissues. Previous immunohisto- 
chemistry studies focused on evaluating the specificity of 
MAb 7E1 1 -053 tissue reactivity. The present study provides a 
definitive descriptive immunohistochemistry examination of 
PSMA expression in normal, benign, and malignant prostate 
tissues. 

Immunoreacttvity for PSMA was detected in all types of 
prostate epithelium, confirming organ specificity rather than 
prostate carcinoma specificity of this biomarker. Expression 
of PSMA and PSA in all tissue specimens, with the exception 
of BPH and bone metastases, paralleled each other. E:^res- 
sion of PSMA in the majority of BPH specimens appeared to 
be both very heterogeneous and down-regulated. These im- 
munostaining results correlate with the recent observation 
that PSMA mSWA levels are low to absent in BPH, even though 
they are high in both normal and malignant prostate tissues. 
The reason for this phenomenon has yet to determined 
Recent evidence localizing the antigeruc epitope recognized 
by MAb 7E11-CS3 in the cytoplasmic domain of the PSMA 
glycoprotein (see Troyer et al. ttiis issue)*® may indicate that 
a splicing variant involving the N-terroinal amino acid se- 
quence could be responsible for the low PSMA expression in 
BPH tissues. New antibodies to different PSMA epitopes may 
assist in addressing this question. Further studies will be re- 
quired to evaluate this or alternative hypotheses to explain 
the low PSMA expression in BPH tissues. 

The pattern and localization of immunostaining were vari- 
able for all prostate tissues examined, with cytoplasmic im* 
mtmoreactivity observed in all prostate epithelial cells, in 
contrast to a diffuse cytoplasmic staining, luminal membrane 



staining was found in PIN and primary and metastatic carci- 
noma tissues, with the most prominent membrane staining 
observed in poorly differentiated primary carcinomas and 
metastatic tissues. Based on the calculated stain indexes, 
PSMA was markedly overexpressed in the primary tissues 
with a high Gleason sum and in both metastatic lymph node 
and bone lesions. However, in contrast to primary tumors, the 
metastatic tissues demonstrated less staining heterogeneity. 
The reason for this apparent up-regulation with more uniform 
expression in the metastatic tissues is unknown. The effect of 
hormones on PSMA expression is currentfy being evaluated. 

Although PSMA is an integral transmenU)rane protein, the 
cytoplasmic staining* observed in prostate epithelium, espe- 
ciaUy in normal prostate tissues ^d well-differentiated tu- 
mors, could be explained by the location of the epitope in ttie 
cytoplasmic domain. Preliminary studies in our laboratory, 
using both light and electron immunomicroscopy, have dem- 
onstrated intracellular as well as membrane staining in cul- 
tured LNCaP cells.^-^' Immunoelectron microscopy showed 
MAb 7EU-C53 localization at the internal region of the 
plasma membrane. conHrming the mapping of the antigemc 
epitope to the intracellular domain. Besides binding at the 
internal plasma membrane, MAb 7En-CS3 also localized to 
certain cytoplasmic organelles. Further studies are in proij- 
ress to determine whether the cellular localization of PSMA 
observed in LNCaP cells also occurs in prostate tissues. In 
any event, strong evidence is presented that PSMA is largely 
expressed intracettulariy (le, intracellular organelles) and at 
the cytoplasmic face of the plasma membrane of LNCaP cells 
and prostate tissues. 

The observed cytoplasmic staining pattern and localiza- 
tion raise the question of how the *^Mn-labeled 7£n-C5.3 
immunoconjugate ('^'ln-CYT-356) is able to image prostate 
cancer in vivo.^-^ Epitope-mapping experiments conducted in 
our laboratory have yet to demonstrate an epitope recog- 
nized by MAb 7E11-CS3 in the extracellular domain of tite 
PSMA ^oprotein (Troyer et al, unpublished results). As 
stated above, the only epitope recognized by MAb 7E11-CS3 
is located in the cytoplasmic domain. The sequence for this 
epitope is not found in the extracellular polypeptide region. It 
is quite possible, however, that the MAb binds to a similar but 
lower-affinity epitope expressed in the extracellular domain, 
theretyy explaining successful imaging of the prostate cancer. 
Based on the amino acid sequence, there are numerous gly* 
cosytation sites available, suggesting that the extracellular 
peptide is heavily glycosylated. If this is true, then glycosyla- 
tion may in fact mask the bmding of MAb 7E1 1-C53 to these 
epitopes. Furthermore. cartx)hydrates are not part of the 
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epitope recognized by MAb 7EU-C53.0nly the linear N-ter- 
minal peptide region is required for antibody binding. Based 
on these observations, the only mechanism for binding of the 
immiinoconjugate to its antigenic target wouJd be by binding 
to shed antigen in the interceiluJar spaces or passing through 
the piasma membrane to reach the epitope. The latter may be 
possible if the cells are undergoing apoptosis or necrosis. It is 
entirely possible that the intensely stained focaJ deposits in 
the cytoplasm of some malignant cells may represent apop- 
tosis. This possibility is currently being explored. We know 
that PSMA is shed into prostatic fluid and is present in sem- 
inal plasma (Trover et aJ. unpublished results), but we have 
not been able to confirm the initial observations^ that PSMA 
is also shed in serum. Further studies will be required to 
elucidate fully how the "Mn-CYT-356 immunoconjugate im- 
ages prostate carcinomas. 

Ejq>ression of PSMA appeared to correlate with tumor 
grade. When separate stain indexes were calculated for a ran- 
dom cohort of high-grade tumors (SI - 244) containing focal 
areas of low-grade tumor (SI = 59), the marked ovcrexpres- 
sion of PSMA in the high-grade areas became more dearly 
evident In contrast, 90-100% of all prostate epithelial cells in 
these tissues intensely expressed PSA. In this study, PSMA 
expression did not correlate with pathologic stage. However, 
the majority of tumors examined were stage C disease. Be- 
cause of the marked ovcrexpression observed in poorly dif- 
ferentiated and metastatic prostate tumors, it might be ex- 
pected that PSMA expression would correlate with the more 
aggressive and advanced stage D2 tumors. Additional studies 
will be required to determine whether this is the case. 

Based on our initial ot)servations of the intense membrane 
expression in the high-grade areas of primary tumors plus the 
overexpression in the metastatic tumor specimens, we pos- 
tulated that this pattern of PSMA expression in the primary 
carcinomas would predict metastasis or tumor progression. 
However, this was not the case. Evaluation of the nodal status 
of 99 prostate cancer patients failed to show any correlation 
with the expression of PSMA in their prinnary carcinoma; nor 
was PSMA expression in the primary tumor predictive of ex- 
tracapsular penetration or seminal vesicle invasion. Because 
most of the prostate carcinoma specimens were from patients 
wtio had had a radical prostatectomy, no attempt could be 
made in this series to determine the effects of radiation and 
hormone deprivation therapy on PSMA expression. However, 
we have noted in preliminary studies that hormone ablation 
therapy either has no effect on or up-regulates PSMA expres- 
sion (Grob RM, Haley C. Newhall K, Scbellhammer PF, Wright 
GL Jr, urqmbUsbed results). The effect of hormone ablation 
therapy on PSMA expression will be the subject of a separate 
report 

This study demonstrates the differential expression of 
PSMA in Rorroal. benign, and malignant prostate tissues. The 
unexpectedly low expression in B?H tissues, as compared 
with normal and malignant prostate tissues, deserves further 
evaluabon to determine the mechanism for the low expres- 
sion and to exploit this observation as a possible means to 
differentiate BPH from CaP. We found that PSMA was overex- 
pressea in me poony oiiferenuacea ano metasiauc mmors. 
Although PSMA expression in the primary tumor was not pre- 
dictive of metastatic disease, high expression appears to be 



associated with the more aggressive prostate tumor, espe- 
cially for hormone-refractory cancers. Because of the prom- 
inent intracellular location of the antigenic epitope, a mech- 
anism to explain the clinical success of radiologic imaging 
with CYT-356 remains uncertain. Nevertheless, the restricted 
specificity, differential prostate tissue expression, and over- 
expression of PSMA in metastatic tissues support the contin- 
ued study of this unique prostate Cumor-associated biomar- 
ker for developing new strategies for the diagnosis and ther- 
apy of prostate cancer. 
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Monoclonal Antibodies: They're 
More and Less Than You Think 

Jeffrey Schlom 



The litlc for this chapter was su^- 
(tested bv ihe cdiior of iliis book. Alter an 
inilial period of shock, however, ii bc.uan lo 
make sense, both fi.uuraiively and literallv. In 
ihc figurative sense, monoclonal antibody 
(mAbl-bascd applications (while ver\' suc- 
cessful in diagnostics) have been verv' slow to 
be realized in cancer therapeutics. New con- 
cepts on how to employ existin.^ mAbs and 
novel forms of mAbs. however, make many 
feel relatively optimistic about the future. 
Which brings me to the literal sense: the clon- 
ing and expression of mAb immunoglobuhn 
(Igl genes have now made feasible the addi- 
tion of ever\'lhinc from human constant re- 
gions to toxins into mAb genes. Conversely, 
one can now subtract virtually even-thing from 
the anti-tumor mAb molecule except its bind- 
ing site in the creation of single chain anti- 
gen binding proteins iSCAs). Thus. mAbs arc 
indeed more and less than you probably think. 

m this chapter. I will attempt to first 
define the various t\-pes of tumor-associated 
targets that mAbs may be directed against. 
Diagnostic applications of anti-tumor mAbs. 
while widespread, will be covered brielly and 
principallv from the standpoint ofaids to n JVb- 
bascd therapeutic modalities. I will then dis^ 
cuss the varied modalities of mAb-bascd 
therapies, emploving either unconjugated or 
conjugated mAbs: I will over^ ie« the advan 
(ages and shortcomings for each modaliiy. 
and review previous and ongoing clinical trials 
and our current understanding of the param- 
eters involved in these applications. The re- 
mainder olthischaptorwiUdcal with potenual 



future applications of mAbs. We are only now 
learning how to optimize the use ol mAbs m 
tombinaiion with other biologic response 
modifiers and to develop optimal reagents lor 
druii toxin, and radionuclide conjugations 
lo mAbs. Finallv. emphasis will be placed on 
describing the basic principles of generaiinti 
and utilizing recombinant chimcri/cd ii.c 
humanized) forms of mAbs and SCAs. as well 
as the technologv- for generating potentially 
novel mAbs with combinatorial libraries. 

TARGETS FOR mAbs 

There are several t\pes of tumor-asso- 
ciated antigens (TAAsl that may act as tar- 
gets for mAb-based diagnostics and 
therapeutics. The most common of these arc 
ilie -oncofetal" antigens. These antigens are 
found in certain fetal tissues, one or several 
malignancies, and to var> ing degrees on cer- 
tain normal adult tissues. The most com- 
monlv used mAbs to oncofetal antigens arc 
noAbs IT-IA. KS I 4. im:X OC125. U5. ami 
an arrav of anti-CIiA (carcinoembr\onic an- 
tigen) mAbs (see Table 6. 1 for list ingol niAbsl 
1 1-87). An interesting feature ol many of these 
antigens is their pancarcinoma nature, i.e.. 
their be:ng expressed on a spectrum ol car 
cinoma ivpes. The second majo;- class oi Vav 
gets arc lhe so-called " dilTererUai ion am* 
Mssuc-spccilic • antigens. The more wcU-dc 
lined niAhs in ihis class are liu- aiUi lAC 
CAllA niAl)s real live with ct rUun inrl:«- 
tioma aniiocns. .md ni.'Vbs u.thc human milk 
U,i olol)nlr.tnULirnv TliethiKlinai(.rrI;.s^ol 
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lariicts arc the growth factor receptors and 
oncoj^cnc products. E.xamples of these in- 
clude mAbs to epidermal growth factor re- 
ceptor (88) and the c-erb-B2 oncogene product 
(89). One of the potential drawbacks to the 
use of mAbs to this type of gene product is 
their potential for a substantial degree of 
expression on cells of vital normal organs: 
however, quantitative differences in expres- 
sion between malignant and normal tissues 
mav in some cases make these antibodies po- 
tentially useful. mAbs to the antigen binding 
sites of anti-tumor antibodies, i.e.. antiidi- 
otvpc antibodies, offer yet another modality 
for cancer therapy by illiciting an active im- 
mune response to the tumor antigen in ques- 
tion. Such an approach has been 
demonstrated to be feasible in several animal 
tumor models (90. 9 U and is now the subject 
of ongoing clinical trials with B cell lym- 
phoma (76). gastrointestinal cancer (921. and 
melanoma (93). Finally, several groups have 
prepared native human mAbs by removing 
lymph nodes draining tumor from cancer pa- 
tients and immortalizing them either by fus- 
ing with mveloma cells (murine or human) 
or via Epstein-Barr virus (EBV) transforma- 
tion Manv of these mAbs (Table 6. 1 ) are di- 



rected against antigens, which are 
uncharacterized at this time: other have been 
shown to be directed against internal cellular 
proteins such as cytokeraiin (see Ref. 94 for 
review). 

Numerous mAbs to a spectrum of TAAs 
have now been developed and characterized. 
Table 6.1. which is only a partial listing of 
selected anti-tumor mAbs, categorizes over 
100 potential therapeutics: extensive listings 
can be found in other review articles (95-98). 
Some of the more studied pancarcinoma mAbs 
are listed first. These mAbs have been shown 
to react with a wide range of carcinomas such 
as gastrointestinal, breast, gynecologic, and 
lung malignancies as well as to fetal tissues. 
Most of the selected mAbs listed under a par- 
ticular carcinoma cell type, however, do not 
show restricted reactivity for only that tumor 
t>pe. For example, the antibreast cancer mAbs 
HMFG-1 and DF-3 will also show some reac- 
tivities to ovarian and other tumor types. U 
should also be pointed out that individual 
mAbs directed against the same antigen, siich 
as the anti-CEA mAbs (Table 6. 1 ) may differ 
greatlv as to their range of reactivities to nor- 
mal tissues, and other properties such as 
affinitv: while only five groups of anti-CEA 
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MiAbs are listed, dozens of anti-CEA niAbs 
have been generated and rharactcrized (96. 
H9. lOOl. 

As mentioned above, human mAbs have 
now been acnerated. These arc reactive with 
;iniiuens present in human tumors (Table 6. 1 1 
iH7. 941: this has mostly been accomplished 
l)v tusina h-mphocues. biopsied from cancer 
patients, with myeloma cells. The rationale 
tor the use of human mAbs is that la I one 
may be able to identify novel antitjens or de- 
terminants that are not immunogenic in mice 
by usine conventional hybridoma icchnol- 
oiiy. and (b) human mAbs will not elicit the 
immime response seen with murine la upon 
repealed administration in patients. This lat- 
ter point, which will be discussed in. detail 
belnw. may not be a major issue with the use 
(if recombinant. humanized mAbs. i.e.. mAbs 
in which the variable rctiion is of murine or- 
iUln and the constant region is of human or- 
lUin. To date, ver^- few human mAbs. derived 
naturally by fusing human lymph nodes (see 
Table 6.1). have demonstrated the selective 
reactivity for tumor versus normal tissues to 
merit their beinti employed in clinical trials 
(lOll. 

DIAGNOSTIC APPLICATIONS 

There are numerous diagnostic and 
prounostic applications for antitumor mAbs. 
but these will be discussed here only in the 
lome.Kt CI" adjuncts to therapeutic uses of 
laAbs. The first of these diagnostic applica- 
tions involves the screening of body fluids 
such as scrum, effusions, or urine for T.^As. 
In addition to identifying patients that have 
recurrent disease, as in the case of radioim- 
munoassavs (RlAsI using mAbs to CEA. or 
ihc HlAs c'a19-1. CA-125. CA 15-3. or CA 72- 
4. those scrum assays may also be used to 
select patients whose tumors contain a par- 
ticular antigen reactive with a given mAb( "t02. 
lOLil. Indeed, recent studies ( 1041 have shown 
ihai patients with positive TAG-72 serum an- 
iiufit levels arc more likely to target the re- 
al live B72.3 radiolabeled mAb. This is in 
romradiciion to a belief (with ver\- little hard 
data to back it up) that shed antigen in sera 
will hind administered mAb and thus make 
It Miac( cssible to tumor. In the end. each an- 
tiiicn system and particular mAb must be 



evaluated independently with concern to this 
phenomenon. 

mAbs have also gained widespread use 
in immunohisiopathologx and iminunocy 
iochemisir\- to define the presence of malig- 
nant cells, and for differential diagnosis among 
tumor t>-pes. Several studies with ant it umor 
niAbs have shown a good correlation between 
the antigenic phcnot>-pe of primarv* and met- 
astatic lesions. Consequently, immunohis- 
tochcmical or immunocytochemical analysis 
of the primar\- tumor with a given mAb can 
potentially be used in studies to select pa- 
tients for cntr\' into therapeutic protocols 
employing that mAb. 

PARAMETERS NOW DEFINED FOR 
mAb-DIRECTED THERAPY 

Just a few years ago. virtually nothing 
was known about the parameters involved in 
optimizing mAb tumor targeting for diag- 
nostic and or therapeutic applications. As a 
consequence of numerous tumor targeting 
studies, some of the limitations and oppor- 
tunities for mAb- based therapies are now 
being realized (Table 6.21. There arc several 
properties of a mAb immunoglobulin mole- 
cule that will influence its usefulness as a 
therapeutic. In considering the use of an un- 
co nju tea ted mAb. the isot>-pc becomes an im- 
portant factor. Murine IgG^., molecules appear 
most efficient in mediating antibody-de- 
pendent cellular cyio.Niciiy tADCC) whcrca.s 
murine IgG , molecules appear more efficient 
in complement mediated killing (CDC) 1 105- 
107). Recent studies with recombinant chi- 
meric mAbs, however, have shown the hu- 
man 7 1 isoi>pe optimal in mediating AUCC 
with human effector cells (105). 

The use o! immunoglobulin fragments 
such as F(ab').^. Fab. or Fv (only V„ and \\. 
domains) versus whole IgG should be con- 
sidered when crr.ployingdrugor radionuclide 
conjugated mAbs. mAb fragments have been 
shov\-n to clear from the plasma pool at a much 
faster rate than whole IgG ( 108). a property 
particularly advantageous in the use of ra- 
diolabeled mAb with potential marrow lox- 
icitvofeircvilatiiigunboimd radiolabeled mAb. 
mAb fragments and Fvs should also have the 
advantage of a more rapid and even distri- 
bution through the tutufir mass. Moreover. 
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immunoglobulin fraemcnis have been shown 
10 elicU less of a human aniiimmunoglobulin 
response than whole \g,G (109-1 12). A dis- 
advanta.ge in the use of fragments, however, 
is that in most animal model studies a lower 
percent injected dose is delivered to the tu- 
mor compared to that of intact IgG. This ap- 
pears most liiceiy due to the fact thai F(ab')2 
is breaking up into Fab' fragments in vivo. 



thus losinu bivalcnty and. consequently, al- 
tintiy. Furthermore. Fab Iraumcnts will clear 
(he blood at such a rapid rate that they may 
dmiinish time lor accumulation ot the frag- 
n»enis in the tumor. 

A wide range ot mAb doses have been 
used in rhe clinical trials completed to date. 
Cram quantities of unconjugated mAb 17-1 A 
(1 131 have been administered with no evi- 
dent lo.Mcity. Moreover, as little as 0. 1 mg of 
radiolabeled mAb (114) has been shown to 
efficicnily localize tumor. To date, no major 
a prion io.\iciiv.has been demonstrated that 
can be attributed 10 the use 01 mAbs aionc. 
However, when mAbs are conjugated to par- 
ticular drugs, toxins, or radionuclides, tox- 
icities attributed 10 the conjugates have been 
documented ( 1 15. 1 16). Little or no toxicity 
has been attributed to the development of the 
HAMA (human antimurine antibody) re- 
sponse: in those few cases in which an an- 
aphylactoid reaction has occurred, standard 
treatment has led to its immediate cessa- 
tion. The major disadvantage in the devel- 
opment of the HAMA response is the conse- 
quent rapid clearance of the administered 
mAb. which diminishes its ability to target 
tumor. 

Ii has been demonstrated that, follow- 
ing one dose of mAb. approximately 50% of 
patients develop HAMA; this increases to ap- 
proximately 90% in patients receiving mul- 
tiple (three or more) doses of mAb ( 109. 1 101. 
Thus, in reality, in virtually all the previously 
reported human therapy trials in nonim- 
munosuppressed patients in which multiple 
administration of murine mAbs were used, 
only the first and/or perhaps the second mAb 
administration were efficiently reaching the 
tumor site. It is unrealistic to assume that 
just one or two administrations of a given 
anticancer therapeutic could be effective. As 
will be discussed below, the use of recombi- 
nant'chimcric mAbs could potentially cir- 
cumvent this situation. Following numerous 
injections of recombinant/chimeric mAbs. 
however, some antiimmunoglobulin re- 
sponse may result. This could be directed to- 
ward the idiotypic region, i.e., the binding 
site of the hvpervariable region or to an al- 
lot>pic region. The immune response to cer- 
tain murine sequences could be further 
reduced or eliminated by their substitution 
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Willi human sequence, i.e.. ihc inimuno- 
iildbulin molecule could be "humanized" as 
m tlic case of the mAb CAMPATH- 1(1171 and 
unii-TAC (1181. Another potential way to 
overcome this problem is the use of Fv (1 19) 
molecules, also termed sinale chain aniiiien 
bindinu proteins (SCAl. which consist of just 
I he combining sites of the Vh and V, molc- 
:nlfs. held io,^eiher by a linker. A third way 
\n potentially address this problem is to cre- 
ate a family of antibodies with the same tar- 
i:t'i antigen but with different idiotypic 
determinants; these could be used scquen- 
liiiUv as a way of circumveniinii the human 
aiuiidioi>pe response. Althoutih the poicn- 
ii;il (or the development of an anitidioi>pic 
response following numerous administra- 
I ions of recombinant chimeric inAbs is real. 
M niav not be as pronounced as that which ■ 
lias been seen when adminisierinu murine 
niAbs. The reason for this may be that the 
murine Fc Is actually acting as a carrier and 
iluis enhancing the immune response to the 
idiot>pic determinants. Thus, if the human 
Fc is less immunogenic, a diminished anti- 
idioixpic response may also be manifested. 

The size of the tumor mass will also 
likely be an important consideration in mAb- 
based iherapv. It has been postulated thai 
laraer tumor masses may e.\ert vascular pres- 
sure in a manner as to make some parts of 
ihf tumor mass inaccessible to mAb 11201. 
Ill is may well be the case involving large tu- 
mor masses, but has not been the case with 
smaller tumors in experimental models ( 121 ). 
Anoiher potential problem is that large t\t- 
mor masses may contain so much antigen 
that they may act as a "sink" and bind all 
available rnAb leaving other pans of ihe tu- 
mor oi^ other tumor masses in thai patient 
without sufficient mAb for therapeutic effi 
cat y. Large tumor masses may also have morL- 
nirrotic centers with less vasculariiv. mak- 
inu them less accessible to mAb. 

There are several additional factors that 
one must also consider in ihc use of druu. 
lo.Mii or radionuclide conjugated tnAbs. These 
include: (a) the ability of the n\Ab to be con- 
tuuaied and still maintain its ability to bind 
uiri*et antigen with the same affinity (Some 
iiuAbs. for example, contain tyrosines in ilieir 
binding sites and cannot be radiolabeled with 
■ 'I by conventional techinques. 1: (b) the spe- 



cific activity, i.e.. how many molecules of druii. 
toxin, or radionuclide should be conjugated 
to the immunoulobulin molecule lor ma.\i- 
mum killing potential without reduction in 
binding ability: (cl method of linkage of 
drug, toxin, or radionuclide: and id) im- 
munocenicity of the toxin. This latter phe- 
nomenon has proven to be a problem in more 
than one situation. 

One of the areas of active investigation 
at the present time is the development of linker 
lechnologv' to efficiently couple drugs and ra- 
dionuclides to immunoglobulin molecules. 
This will be discussed later in the area ofdruu 
conjugation 1 122). New bifunctional chelates 
are now being developed to more efficiently 
keep radioactive hvasy metal killer isotopes 
such as '-T in the mAb complex ( 1231. One 
area that has received little aiieniion to date 
is the metabolism and caiabolism of the im- 
munoglobulin. For example, in the use of 
coniugated mAbs, what is the ultimate fate 
of liie complex? Will it be taken up by organs 
such as the liver and or kidney and lead to 
unwanted toxicities or be rapidly eliminated 
from the body with minimal toxicity? Modi- 
fications of recombinant immunoglobulins 
in terms of size and glycosylation^can be em- 
ployed to alter some metabolic t>aiierns. if 
deemed necessar>-. 

Thus, as a result of what one may refer 
to as the firsi round of mAb-based protocols, 
several limitations in the use of currently 
available mAbs have become evident. These 
include: lal the development of MAMA: 
(bl antigenic heterogeneity: Icl the lower per- 
centage of the injected dose per uram that 
can be delivered to ihe tumor: Id) difficulty 
in diffusion of immunoglobulin ilirougii large 
tumor masses: Icl In selected ea^^es. free an- 
tigen in circulation, whicli may bind ad nun - 
istered mAb; ( / ) toxicities associated with 
cnnjugaied drugs, toxins, and radionuclides 
when coupled to the niAb or in the case of 
their dissociation: and {q\ lack of absoluie 
specificity of the m/.b. At this time, it seems 
unlikely thai binding to some normal tissues, 
such as normal colon, will necessarily negate 
the use of many n\Abs. Although each of these 
limitations cannot be minimized, many can 
now be overcome in practice and in theoiy. 
as will be discussed below. 

Several advantaiies to iiLAb-based ther- 
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.ipy. Iwiwt vcr. havr now .lisc bct c^im .ippur- 
t-ni. Most imponaiuly. ilu* n\Ab has bcrii 
donionstraiod lo have \hv aclvaiiiaot- oi sc-U'c- 
livc read i\ ay lor the tumor aiuiLini. Wtu-rras 
no riLAb has thus lar bt-cn clcvt-lopt-d wiili 
absolute spct iliciiy lor lunior x ersus uonnai 
tissues, it has clearly been demonstrated, us- 
iv.o radiolabeled mAbs. that antiiunior niAb^. 
can tariici tumors with tumor to normal tis- 
sue rat ios of 3: 1 to up lo 20: 1 or more (1241. 
Moreover, the io.\ icily associated with the ad- 
.ranistraiionol mAbs in several thousand pa- 
• lenis has been minimal. Other advantaucs 
m tfie use ol niAbs arc that one can actually 
■Jcvrlop a "therapeutic index * for a ^iven pa- 
licni by prcadministration of a diagnostic 
dose, and or help select patients tor therapy 
usinu a tiiven mAb by analysis ol biopsy spec- 
imens lor the presence of hiiih levels of taract 
aniiiien usinii immunohistochcmical tech- 
niques. Finally, one can modify mAbs to suit 
specilic purposes. This has previously been 
confined to the use of immunoclobulin fraci- 
menis: however, with recombinant tcchnol- 
oiiies uiili;;ed in the cloninij of immunoulob- 
ulin uenes. a vast array of modifications are 
now possible. 

mAb TUMOR TARGETING TRIALS 
(PRE-PHASE I) 

Dozens of institutions arc now employ- 
in ti radiolabeled mAbs for tumor target iiiC- 
The more e.\tensivclv used mAbs to date are 
anti-CEA (24. 125-1281. B72.3 (124. 129- 
132). 17-lA (1331. OC125 (431. and HMFG 
11341. lor larcciinii of carcinoma. anti-p97 
and anii-HM\V aniiuen for melanoma ( 1 35). 
and Lyin-1 (761 for tarijetinti of lymphoma. 
Other mAbs are also beini> evaluated ( 136- 
14 11. A recent review of the literature (Larson 
S. unpublished data! indicates that over 3000 
patients have been enrolled in diatinostic tu- 
mor tariiciini* trials using radiolabeled mAbs: 
in these studies, six different radionuclides 
have been employed and 25 different tumor 
tx-pes targeted. For example, in a recent study 
(142). 509 patients from 1 1 nuclear medicine 
centers were administered F(ab fragments 
of an anti-CEA mAb: 75% of tumor lesions 
were visualized, and occult disease was de- 
tected in 30% of patients. 

Recent multicenter trials using "'In- 



Uibelcd B72.3 lalso lernud OT- 103-' ' • Ini 
demonstrated 74''o positive antibody imaee^ 
confirmed at suruer\' (1431. When compared 
with the results of computen/ed lomouraphy 
iCTi scans, the mAb scans sliowed ureal er 
sensitivity 1 73% versus 52% 1 for tumor le- 
sions, and mAb scans affected management 
t:i 26% of pal tents evaluated. Promising re- 
sults have also been obtained usine "^""Tc- 
labeled mAb NH-ML-05 to tartict melanoma 
lesions l6-tl: 77% of noncutaneous lesions 
were detected. In studies usmti a radiocon- 
iuaate of niAb 3F8. 90% of neuroblasionta 
lesions have been accurately identified (Lar- 
son S. Cheunii SKV. unpublished data) (1441. 
Diagnostic studies with several other radio- 
labeled mAbs have also been extremely suc- 
cessful. To date. Product License Applications 
for at least three different mAbs are being 
considered by the Food and Drug Adminis- 
tration for use in this modality. 

In addition to the use of radiolabeled 
mAbs to detect occult carcinoma and aid in 
staging, this modality also has therapeutic 
implications: the use of a given mAb-radio- 
nuclidc conjugate in low doses I for diagnostic 
purposes via y scanning), may provide a 
"therapeutic index" for that particular mAb. 
whether the mAb is given coupled to a high 
energ\' killer isotope or drug or used uncon- 
jugated. Thus, these t>pes of trials are now 
referred to as "Pre-Phase 1" trials. It is this 
author s belief that any new mAb being con- 
sidered for clinical trials— either used un- 
conjugated or conjugated to drugs, toxins, or 
radionuclides— should first be administered 
in low doses as a radiolabeled product to help 
define: la) its ability to targ-^i tumors at dif- 
ferent sites, (b) any unsuspected normal tis- 
sue targeting, and (c) pharmacokinetics of 
blood, cavity, and whole body clearance. 

The t\pc of information that can be 
uained by these t>-pes of Pre-Phase I trials can 
be e.xcmplificd in studies carried out with mAb 
B72.3. Whereas these types of studies have 
also been carried out with other mAbs. B72.3 
will be used here as an example because of 
familiarity and its use ai numerous institu- 
tions ( 145). Using in vitro assays. mAb B72.3 
was first shown to be reactive With a range 
of human carcinomas (gastrointestinal. g\'- 
necologic. non-small cell lung, and mam- 
ma r>' I. and not. or weakly, reactive with a 
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raniic ol normal adult tissues 1 1461 with the 
rxccpiion of secrctor\- phase endomcirium 
1 1 47) and transitional colonic epithelium ad- 
l.iccni to carcinoma 1148. 1491. Preclinical 
studies in mice usinil '^''l*radiolabcled B72.3 
riien demonstrated good tumor localization 
i 1501. Radiolabeled mAb B72.3 was thus ad- 
ministered to colorectal cancer patients for a 
tiuantiiative evaluation of its reactivity with 
uimor lesions versus a wide rantje of normal 
I issues. These studies included pat ients wit h 
ineiasiaiic colorectal carcinoma that in- 
volved the surgical resection of metastatic co- 
Uirectal cancer lesions plus adjacent -normal" 
tissues lor statin li and therapeutic purposes. 
Thus, y scanning followed by a comprehen- 
sive direct examination of tumor and a va- 
riviy of normal tissues could be achieved. 
.Appro.\imately 7 days before suruer>. pa- 
luiiis received '"I-labeled niAb B72.3 luG. 
I'atienis were scanned with a y camera at 
various limes until surgerx . At suruer\ . sus- 
pected carcinoma lesions and selected nor- 
mal tissues were removed. Specimens from 
all biopsies were immedtaiely weighed and 
placed in a 7 counter to determine counts per 
.ninutc per gram: biopsy specimens were 
subsequently analyzed for the pcrceniaiic of 
tumor celts of total cells present and the per- 
ecniatic of TAG-72 antigen-positive cells. 

In the initial study. 27 patients received 
= 1 -labeled B72.3 IgG. Positive y scans (<on- 
firmed at surger\') were observed in 14 of 27 
[jatienis and in 10 of 20 patients in which 
direei examination of tissues were available. 
There was no effect of IgC dose. milliCurie 
amoimt. or specific activity on whether a y 
scan was positive or negative, y scans accu- 
rately identified lumor lesions in the liver, 
bone, orbit, rectum, colon, caecum, and pel- 
vis aiid diffusely m the peritoneal cavity. No 
tov icily was observed. Perhaps the most im- 
portant part or these studies, however, re- 
volved around analysis of a radiolocalizaiion 
iiKlc.\ (Rl). The Rl value is defined as the ratio 
(if thr uptake of ' "Mabelcd mAb in tumor to 
that of histologically confirmed normal tissue 
on a per gram basis; average values I counts 
per minuie per gram! from biopsy of normal 
liver and or intestinal tissue of each patient 
were normaliied to 1.0. Rl values of ^3.0 were 
arbiirarily considered as "positive" for these 
studies. Ai least one tumor lesion in 17 of 20 



of the patients studied had an Rl ol 3.0. In 
eiCht of these patients, all 50 tumor lesions 
biopsied had Rl values of -A.U. Kive ol the 
patients studied displayed 26 lcsion> with Rl 
values of --10.0. In total. 99 of 142 l70°..i 
carcinoma lesions biopsied displayed Rl val- 
ues of -3.0 (114. 124) (Table 6.31. Of 210 
histologically confirmed normal tissues biop- 
sied. 19H showed neiiative Rl values, i.e.. less 
than 3. In 12 patients, all apparently normal 
tissue biopsies had a netjativc Rl. Twelve bi- 
opsy specimens from eight patients showed 
R! values of ^3.0. In all but two cases, these 
tissues were immediately adjacent to carci- 
noma or draining carcinoma: in two eases, 
positive Rl values were seen in spleen biop- 
sies, which were apparently due to the pres- 
ence of antiuen-antibody immune complexes. 
These studies thus demonstrate the t\pe of 
information ihai can be obtained about a given 
n^Ab in Pre- Phase I trials. 

Intracavitary Administration 

An alternative approach in the use of 
mAbs for diagnostic or therapeutic purposes 
involves iniracavitar>' administration. mAbs 
administered directly into a cavity or body 
site may localize tumors in that cavity intire 
efficiently than intravenously (i.v.i adminis- 
tered mAb. Studies have been conducted to: 
(ni determine the feasibility of intraperitoneal 
(i.p.l administration of radiolabeled mAb IV ir 
tumor localization or therapy, ib) del cm line the 
specificity of tumor localization by the eoncoiii- 
itani i.j). administration of '''1-mAb and an 
isotype matched control '-'"'l-Iabeled mAb. 
(< l compare tumor localization of i.v. \ersus 
i.p. administered nL\b by liie simiiliaiienus 
administration of '-'M-mAb i.v. and the same 
• '1-m.Ab i.p.. and (cil define the pharmacoki- 
nciics of plasma clearance of both i.p. aiut i.v. 
adminisieret: radiolalx*led nv\b. Studies of this 
{\-\.>c have bcei*. carried out in ovarian and co- 
lorectal carcinoDia patients with mAbs H.vIFCi 
(1411 and B72.3(129). 

In a recent study (129l. patients were 
adminisiered * 4-labeled niAb B72.3 murine 
liiG i.p. and scanned with a y camera at var- 
ious lime points prior to suruery. y scans of 
7 ol 10 patients showed clearly disrtriiible 
eoneeiitrations ol radutlabeletl mAb in tu- 
mor. .A representative pcjsitive v m an is shown 
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111 KimiR- 6.1: ilnis paiicni was ncUaiivt- lor 
luMior whfii analyzed via CT scans. Three ol 
I he iiiiiial 10 paiienis suidicd ihai were pos- 
iiive lor n\Ab localization via y scanning lareas 
eontirnied as tumoral suri>er> I were net>aiivc 
lor tumor via CT seanninii and x-ray studies. 
Lesions as small as approximately 1 .5 cm in 
diameter were clearly delined via y scans. The 
Kl values ol biopsy specimens were deter- 
mined. Usinii an Kl of -l^. which was arbi- 
irarily ehoscn as a positive" radiolabeled 
uptake. 83 ol 1 12 (74°ol of carcinoma lesions 
showed posiitve values. Ol the 95 histoloui- 
lallv coniirmcd normal tissues biopsied, all 
bill one demonsirau'd HI values ol .3. 

Dual mAb Administration Studies 

To determine it the mAb radiolocaliza- 
uon observed was specil'ic I in this case with 
ihe i.p. administered ' ''1-872.3 luGl. studies 
were conducted in which patients received 
concomitant infusions (administered i.p.) of 
' - '1-1372.3 I^G and '-^ I -labeled control mAb 
UL-3 liiG. mAb BL-3 uptake was nctjative in 
most carcinoma lesions but showed RI values 
of ^3 in some. In 31 of 39 lesions, the 1372.3 
BL-3 ratios were ereater than 2: ! . with ratios 
of greater than 10:1 in the majority of cases: 
ratios of greater than 100:1. moreover, were 



observ ed for many lesions. Thus, while these 
results demonstrate the specificity of the an- 
titumor mAb B72.3 bindinei. they do point 
out that "nonspecific" binding of irrelevant 
mAb to carcinoma lesions may and does in- 
deed occur at times. 

Studies were also conducted to deter- 
mine the relative efficacies of i.p. versus i.v. 
administered mAb to localize tumor lesions 
1 129). To achieve this goal, patients were con- 
comitantly administered '*M-labeled B72.3 
i.p.. and '-"^I-labcled B72.3 i.v. In some pa- 
tients, intracavitary- administered n\Ab has 
been shown to target peritoneal tumor better 
than systemically administered mAb. Not 
surprisingly, however, these same dual route 
niAb administration studies demonstrated 
that .systemically administered mAb can tar- 
get hemaiologically borne metastases, such 
as liver metastasis, with greater efficiency than 
mAb administered into the peritoneal cavity. 
.Another conclusion from this study is that 
one may plan future trials to involve the use 
of a therapeutic dose of mAb in which some 
is given systemically and some is given via a 
direct or iniracavitan- route. Figure 6.2. ex- 
emplifies thai a diagnostic dose (10 mCi/ ! 
mgl and a subsequent therapeutic dose ( 100 
mCi/10 mg) of the same mAb can demon- 
strate similar tumor targeting. These t\pes 
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F.gure 6.1. intraperKoneal adr..n.stra:.or - i-.abeiea mAb B72.3 ^Z^^-/;^' ^^^^^ 
. e.vs are o; :ne oentonea. cav.ty (frorr a-aorrasn- :o Oiaoder. uooer ,e- Tc-99 

■o 'ocahze tumor- /owe. n.n:, ^Ab cieany visualized snna-i :umor .es.ons, wPicn were cor • n^ed a surse^ 
t' s en was nesat-ve'^^^ turgor by CT scares (132) (Frorr Raub.tscnek A. Co-cner D. Las:ona S^ et a 
[..a " oneanv adm.n,s.ered rad-oiabeieo -onocior^at ar^.bod:es . 

Abstract!. Second Confercr.ce on RaaiO.rr.^unooetectior. ara Raco.Trr.norneraDv o .ar^cer PrTC.o. , 
•988. 



of Prc-Phase 1 "diagnostic" studies carried out 
with several nW\bs have consequcnily formed 
the basis for therapeutic studies, many of 
which are now oneoing (see below). 

Pharmacokinetics of mAb Clearance 

One of the parameters that mus'. In* 
considered in diagnostic or therapeutic mAb 
applications is mAb pharmacokinetics. The 
data in Figure 6.3 demonstrate a ixpical 
cU arancc curve for an i.v. administered mu- 
rine IgG in patients. Note that approximately 
50% of the injected dose appeared in the 
plasma at day 2 with approximately 10-15% 
of tlie injected dose found in plasma at day 
7 post mAb administration. In contrast, no 
more than 30% of the injected dose of i.p. 
administered mAb appeared in the plasma at 
anv point in time, with peak values beini: 
ni)tained at days 2 to 3 (Fiu. 6.3). One of the 



objectives of recombinant lus and their con- 
structs will be to alter mAb pharmacokinetics 
as desired. 

' INTRAOPERATIVE PROBE 
/ mAb-DIREaED SURGERY 

A novel diaunosiic therapeutic use of 
mAbs involves the cmploxment of a hand-held 
M deteciitm probe used at surger\- to detect 
orcult tumor. This probe has now been used 
in several hundred patients at numerous 
ci-nters in conjunction with '-■M-labeled mAbs 
such as 17-lA. anii-CEA. and B72.3. In one 
studv involving colorectal carcinoma pa- 
tients, the intraoperative probe localized the 
' -'1-1572. 3 in H3% of sites and altered the sur- 
gical approach in 26% of patients with re- 
current colorectal cancer (151). in a more 
recent study. 14 patients with carcinoma of 
ihc breast confirmed at biopsy received 
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•'■=^I-labeled mAb i.v. prior to further explo- 
ration: the 7 deteciinji probe, used for this 
application externally, was able to identify re- 
sidual, subclinical, and multicentric carci- 
noma of the breast in some cases (152). 

SPECTRUM OF mAb-BASED THERAPy 
MODALITIES 

Unconjugated mAbs 

There are several therapeutic ap- 
proaches that one may employ using a .Civen 
niAb— from the unconjunaicd form lo elicit 
antibodv-depcndent cellular cytotoxicity 
lADCCl. complement-dependent cytotoxicity 
(CDC), or to activate the ^diotvpic pathway to 
elicit an aniiidiot\pe host immune response. 
!o the use of drug, toxin, or radionuclide con- 
lutiaicd reagents. Many of these approaches 
have proved successful to one decree or an- 
other in experimental model systems (61 ) and 
all are currently being tested in clinical trials. 
In 1980. a preiiminar>- serotherapy trial was 
reported using mAb 89 directed against a 
Ivmphoma-associatcd antigen 1 1531. In vitro 
studies indicated that this niAb could me- 
diate CDC but not ADCC. Up to 1 .5 g of mAb 



was administered per patient, and a tran- 
sient decrease in the number of circulating 
tumor cells was noted. Clinical trials were 
also conducted with mAb J-5. which is re- 
active with the common acute lymphoblastic 
leukemia antigen (CALLAI. These studies 
( 1541 showed a rapid clearance in circulating 
blasts, but not all leukemic cells were cleared: 
the remaininc cells appeared to be resistant 
to further serotherapy. An early clinical trial 
(701 using a mAb to a normal T cell differ- 
entiation antificn in a patient with T cell leu- 
kemia also showed a rapid but transient fall 
in white blood cell count. Antigenic modu- 
lation by leukemic cells was also observed. 

One of the most promising approaches 
to the therapy of T cell malignancies involves 
the use of the mAb anii-TAC ( 1 55 1 which binds 
to the p55 chain of the human in;rrleukin-2 
(IL-21 receptor and has been shown to inhibit 
proliferation of T cells by olocking IL-2 binding 
(see page 138). A clinical trial involving the i.v. 
administration of anii-TAC in nine patients 
with the human T-cell lymphoiropic virus 1 
(HTLV-n-induced adult T cell leukemia re- 
sulted in three patients with transient mixed, 
partial, or complete remissions lasting from I 
to more than H months post therapy (156). 
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Ciirrriulv . diiiKiii iruib jrc (uiu'HUi: iiuoK inu 
unmocliliocl ajiiiTAr. "\'*t oniuuiiu-ci ojuiTAC. 
unci iruncaicd Pscudonwtias toxin conjiiiiairs 
of anii-TAC\ and wiih rtronibinani chimeric 
"humanized" anii-TAC 1 1 isi. 

Phase I and II trials lui\f lum born cur- 
ried oui in uasirointesiinai paiicnis u iih t;iAb 
1 7- lA 1 157) and melanoma patients with mAb 
H24 (60). Some pania: respon.ics were re- 
ported, but virtually all patients developed 
HAMA. At the present lime, unconjuiiaicd 
niAbs 17-lA(i57. 158). L72(S5). B7:!.3l 1321. 
3F8 1671. 96.5 159). K24 (60t. TlOl 169. 159). 
LI 7F12 (70l. and other aniilyniphoma mAbs 
(154. 160) arc in clinical trials. Several of these 
trials are now showint* some objective clinical 
responses. The limiiaiion of this general ap- 
proach, however, is that not all niAbs may 
have cell killina properties via ADCC or CDC 
mechanisms and that all tumor cells must 
express the iarti;ei aniitlen. The advantage ol' 
this approach is minimal toxicity and ease of 
mAb production and handling. 

An alternative approach in the use of 
untonjueated mAbs in tumor therapy is to 
use antitumor mAbs (Abls) andor the mAbs 
(Ab2) directed aaainsi the idioi\pic (bindinjS 
site) retiion of those mAbs to activate the idi- 
otypic network. The network theor\- of idi- 
otypic roles in the regulation of the immune 
response postulates that an aniitien can elicit 
the production of the first antibody lAbl). 
Abl . in turn, stimulates Ab2. which can elicit 
the Ab3. etc. Initially, this model of comple- 
mentary* idiotvpe interactions was thouyhi lo 
be an open-ended network. Further studies 
have demonstrated a more limited idiotypic 
network. 

Those antiidioiypic antibodies that 
specifically bind to the Ab 1 paratope can thus 
inhibit Abl binding to antigen and are 
thoueihi to conformationally mimic the an- 
titjenic epitope. These Ab2. which can pos- 
sess the "internal imaiie" of the aniijJen. could 
be used as immuno.t>cn to induce protective 
responses: these Ab2 could also be utilized 
to break the tolerance of otherwise nonim- 
munogenic molecules. Numerous antitumor 
experimental studies have now been carried 
out using mAbs to activate the idiotypic (Idl 
network. 

In 1985. the development of a t^oat pol- 
yclonal Ab2 that reacted specifically with the 



idioi>pe ol the iiLAb 1 7- 1 A was reported. When 
this .Ab2 was injected into rabbits and mice. 
It elicited an Ab3 response that bound the 
' same antiuen as mAb 1 7-1 A. In a xenoueneic 
system, mouse mAb2s were developed to a 
rat inAbl recounizinii an oncofetal bladder 
carcinoma aniiyen. These Abs demonsiratrd 
the ability to induce specific collular-me- 
diated immune responses in rodents. This 
same yroup also tieneraied Ab2 to the p97 
ami gen of human melanoma (loll. These Ab2 
were shown to indirce an Ab3 response in 
syngeneic or allogeneic mice. A mouse Ivm- 
phoma model (L1210 GZLI has been used to 
study the idiotypic cascades in mice (901. An 
Ab 1 was used that recognizes a TAA that cross- 
reacts with the GP52 of the mouse mammary- 
tumor virus. Tyvo of the antiidioiypic mAbs 
could induce an aniicien-specific humoral re- 
sponse, delayed- type hypersensitivity (DTHi 
response, and cytotoxic T-lymphocyte ICTLl 
responses. However, only one of these mAbs 
could offer protection from tumor growth. 
Other antiidiotype (anti-Id) experimental sys- 
tems are currently under investigation. 

Studies with antiidiotypic antibodies 
in clinical trials have focused on the B cell 
malignancies, yvhich should be optimal tar- 
ijets for Ab2 therapy. First. B cell malignan- 
cies have been demonstrated to originate from 
a single clone so that all malignant B cells 
should express an identical surface immu- 
noglobulin ( 162-1651. Therefore, these mol- 
ecules are true examples of tumor-specific 
molecules and are optimal targets of niAb 
therapy (166). Second. B cell malignancies 
are more readily exposed to the vascular and 
reticular effector systems, as compared to solid 
tumor systems. In 1980. the first studies were 
reported of patient treatment with antiidi- 
otypic antibody (167). Here, a patient yviih 
chronic lymphatic leukemia (CLL) received 
an infusion of a rudimentary preparation of 
the globular fraction of a sheep antisera. The 
individual undenvent a transient reduction 
in circulating leukemic cells accompanied by 
considerable toxicity. Tyvo years later, a mouse 
monoclonal IgG-^b antiidiotypic antibody was 
utilized to treat a patient with follicular lym- 
phoma (75). This patient, who had failed che- 
motherapy, yvas infused yvith increasing doses 
of mAb2 over a period of 4 yveeks. Remark- 
ably, a complete remission yvas obsen'ed and 
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ihc individual remains disease free u iihoui 
continued therapy. In 1985. mAb2s were uti- 
lized to treat 10 patients who also had ad- 
vanced stages of disease ( 168). Unfortunately, 
ihc results were not as profound as those ol 
,hc previous study. Five of 10 patients ex- 
hibited significant reductions in tumor size 
145-100%!. Unfortunately, tumors usually 
returned within a period of 1-6 months. In- 
icrcstinelv. the relapsing tumor no lonecr re- 
acted with the idiot\-pe. indicating either 
modulation of Ig or an idioupic variation. 

Alternative Vk eene rearraneements were 
first characterized in a murine cell lymphoma 
( 169. 170) and have been h\pothesized as an 
explanation for observed heterogeneity. Rc- 
t cnilv. immunoprecipitation studies in a hu- 
man B Ivmphoma cell line also demonstrated 
major alterations in \ liehi chains (1711. A 
major disadvantage of this kind of B cell lym- 
phoma therapv is that treatment may have 
io be "cusiom-made" for each individual s 
Ivmphoma (1721. This process has been 
streamlined bv directly immunizing mice with 
patient Ivmphoma cells versus purifying the 
idiotvpe and then immunizing. Recently. 
• shared" idiot\pic determinants among pa- 
tients have been identified. Thus, it is pos- 
sible that a finite panel of anti-Id mAbs can 
be drawn upon for this modaliiy 1 173). 

The combination of aniiidiot\pic anti- 
body therapv with interferon-ti (IFN-«1 has 
rcccntlv been reported 1174). In this study. 
12 patients received Ab2 and IFN-a: there were 
two complete responses and several partial 
responses. The tumor cells remaining were 
Id negative, indicating a strong antitumor 
effect to Id-positive cells, resulting in a strong 
selection for the Id-negative cells. 

In terms of solid tumors, sera from pa- 
tients immunized with mAb 17-lA (Abl ) were 
shown (175) to contain antiidiotx-pic anti- 
bodv that was able to inhibit Abl from bind- 
ing to antigen. It was concluded f'-om this 
data that the patients who developed the "in- 
ternal image" Ab2 were those that improved 
clinically and developed long remissions. 
Furthermore, the appearance of Ab3 was 
demonstrated in culture supcrnatanis of pe- 
ripheral blood monocytes from five patients 
treated with mAb I {1761. Thus, it was con- 
cluded that idiotypic cascades do exist in 
humans immunized with antitumor immu- 



noglobulin. It has also been shown that Ab2 
responses exist in patients reccivinii the ant i- 
CEA mAb NP-2 (1771. Ten patients with ad- 
vanced gastrointestinal cancer were mluscd 
with mAb three times weekly. Five ol these 
patients developed combining site-specitic 
antiidiot\pe antibodies. However, no clinical 
response was obsened. Clinical studies in- 
volving the administration of an Ab2 mAb. 
produced from an antimelanoma mAb. arc 
currently in progress, with some partial re- 
sponses reported (178). 

These clinical studies all support the 
existence of a network cascade of immune . 
interactions. However, these should be re- 
garded only as initial studies to determine il 
there will be a role for this modality in the 
elimination of tumor. 

Drus and Toxin mAb Conjugates 

The coupling of mAbs to drugs has the 
advantage of taking a wide range of atjcnis 
with known antitumor activity and phar- 
macolog\* and enhancing their relative tumor 
uptake via the mAb. The most commonly cited 
theoretical limitation to the potential use- 
fulness of mAb drug or toxin conjugates as 
effective oncolytic agents is the necessity of 
the mAb conjugate to internalize for cytotoxic 
activity. The observation that some solid tu- 
mor membrane antigens are stable cell sur- 
face components suggests that a subset of 
mAb drug conjugaies will be ineffective against 
these target anticens. The phenomenon ol 
antigen heterogeneity is also an important 
consideration since the antigen-negative tu- 
mor cell will not bind the immunoconjugatc 
and therefore may escape death. The above 
limitations mav not apply, however, if the 
chemical bond utilized to link the drug to the 
immunoglobulin is sufficiently labile to per- 
mit dissociation of the cytotoxic agent at the 
tumor ceU peripherv* followed by transport into 
the antigen-positive or nearby antigen-neg- 
ative cell. For example, the chemistr>' has been 
described (179) whereby a hydrazide deriv- 
ative of a vinca alkaloid was coupled to im- 
munomobulins. via aldehyde groups formed 
by pcriodatc oxidation of the oligosaccharide 
side chains, which may be an example of such 
a labile bond. mAb KS 14 vinca coniuuates 
directed againsi a stable membrane antigen 
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wvn- shown lo have poicni antiiumor aciiviiy 
in VIVO even thouuh a number of in viiro as- 
savs lailcd lo detect rapid iniernallzation of 
the aniibody-aniieen complex ( 1221. Several 
clinical trials with drue- and toxin conju- 
Uatcd mAbs have been initiated (1 15. 116. 
180-182). For example, a trial in 22 mela- 
noma patients with a murine mAb conju- 
gated to ricin A chain immunotoxin dem- 
onstrated localization of mAb and A chain to 
sites of -netastatic disease, but also demon- 
strated a rangfe of toxicities related to the dose 
of immunoioxin 11821. A Phase I trial uM:h 
mAb 260F9. which targets a 55.000 molec- 
ular weight anii.een expressed on mammar\' 
carcinoma cells, coupled to ricin A chain, was 
suspended after four patients developed neu- 
rologic loxicity believed to be associated with 
the mAb (1161. mAb 791T'36. which recog- 
nizes a 72.000 molecular weifihi antigen on 
the surface of the colon carcinoma cells, was 
coupled with ricin A chain and used in a Phase 
1 trial in 17 patients with metastatic colon 
cancer (1831. The side effects observed in- 
cluded a composite of s>Tnptoms thought to 
be generic to ricin A chain immunotoxins. 
Bv 10-20 days after therapy, most patients 
developed IgM and IgG antibodies against both 
the ricin A chain and the Ig portion of the 
immunotoxin: an anticombining site anti- 
body response was also seen. Mixed tumor 
rcijression was seen in 5 of 17 patients. 

Clinical trials are currently under way 
with second and third generation immuno- 
toxin conjugates. mAb anii-CD22 has been 
coupled to a deglycosylated form of ricin A 
chain and employed in Phase III trials in pa- 
tients with refractor)- B cell leukemia/ lym- 
phoma (Vitetta E. Thorpe PE. unpublished 
data). Of 18 patients studied, toxicities were 
transient, and a 60% mixed or partial re- 
sponse was obsen-ed. Recent studies em- 
ploying a mAb anti-B4 "blocked" ricin 
conjugate (in which ricin cell binding sites 
are blocked I have also been promising in Phase 
I trials of CD 19 antigen-positive B cell malig- 
nancies (Nadler L. unpublished data). In a 
trial involving 25 patients using five bolus 
administrations of mAb conjugate per pa- 
tient, one complete response ( 18 months du- 
ration) and two partial and 10 transient 
responses were observed. When a constant 
infusion of the same immunoconjugate was 



used, of 1 5 patients, one complete, three par- 
tial, and four transient responses were ob- 
sened. Transient hepatocellular toxicity was 
obsirvcd. 

It seems quite likely that the construc- 
tion of active mAb drug conjugates will have 
10 t£'.ke into account the biclogy of the anti- 
bodv-aniigen complex (i.e.. stable versus in- 
lernalizedl. the '.ability of the chemical bond 
used to link the drug to the antibody, and 
ihe mechanism of action, potency, toxicity, 
and immunogeniciiy of the drug or toxm u- 
sclf. 

Radionuclide mAb Conjugates 

There are both advantages and disad- 
vantages in the use of radiolabeled mAb con- 
jugates. One of the major advantages is that 
several isotopes can kill at several cell di- 
ameters: therefore, one can envision a ra- 
diolabeled mAb conjugate binding to an 
antigen-positive cell and killing adjacent an- 
tigen-negative cells. Thus, the use of a ra- 
diolabeled mAb conjugate may be another way 
of overcoming tumor cell antigenic hetero- 
geneitv. Another advantage Th'the use of ra- 
diolabeled mAb conjugates is that the aniigen- 
radionuclide complex need not internalize to 
kill the tumor cell. There are also many ra- 
dionuclides available with different energies 
and half-lives that can be used to suit a given 
therapeutic circumstance. 

Therapeutic trials with several radi- 
oconjugated mAbs are now in progress. Pi- 
oneering studies with ' "l-labeled anti-ferrilin 
polyclonal antibodies in hepatoma patients 
reported several clinical responses ( 184). More 
recently ( 127). '^M-anti-CEA polyclonal anti- 
bodies, given in combination with external 
radiation and therapy in patients with pri- 
mary' nonrcsectable cholangiocarcinoma. were 
reported to give a 26% partial response rate. 
Studies (137) with '-^M-labeled mAb HMFG2 
given intrapleurally in a limited number of 
patients showed partial or complete re- 
sponses with minimal toxicity. Reports ( 134. 
14 U using this same mAb given intraperi- 
loneallv showed its ability to limit accumu- 
lation of antigen-positive malignant ascites. 
Radiolabeled mAbs have also recently been 
administered intrathecally In patients with 
leptomeningeal tumors. 1 he choice of anti- 
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body varied dependlne on the immunophcn- 
ot\pc of the tumor ( 136. \39l Therapy was 
lifncrally well tolerated with minimal acute 
KiNii iiy. Four of five patients achieved an obj 
itctivc response, which was sustained for 7 
months to 2 years. Several clinical trials arc 
now in proijress using andor -"T-labelcd 
niAbs such as B72.3 (native and chimeric). 
anti-Lym-l, anti-TAC. and several anti-CEA 
tiiAbs. 

A recent clinical trial involvinC ' *'l-la- 
beled mAb anti-Lvm-l use in B cell malie- 
nancies showed some complete and some 
partial responses (DcNardo S. unpublished 
datal. Other institutions, usina anti-Lym-1 
conjugated to '-"1. however, found only a few 
panial responses, and no response if c.Kira- 
nodal disease was present iSaletan S. un- 
published data). The reason for these 
discrepancies is unknown at this time. 

In recent trials involvinil the use of mAb 
MB-1 conjugated to ' "1 in patients with B 
cell Ivmphoma. whose marrow had been cr\ o- 
prcser\'ed prior to therapy, some promising 
results have been obtained (Ear>- JF. unpub- 
lished data). Of 22 patients entered into the 
study, only those patients who displayed good 
mAb scans using low ' I -mAb doses were en- 
tered into the therapy arm. Of the eight pa- 
tients treated, most had a complete or partial 
remission, with durations greater than 15 
months. Little toxicity was noted. Patients 
received up to 600 mCi followed by successf ul 
marrow replacement. Using another ap- 
proach. ■'^-anti-Id mAb is being adminis- 
tered to patients with B cell malignancy 
(Parker B. unpublished data). Studies em- 
ploying the use of mAb TlOl-^T conjugate 
in CD5-positive B and T cell malignancies 
have also been initiated. Of the initial seven 
patients treated, three partial responses have 
been observed (Raubitschek A. unpublished 
data). Ongoing studies with ' "I-labcled mAb 
3F8 in neuroblasiomci* patients ha\e also re- 
sulted in four clearly measurable responses 
in the first nine patients entered (Larson S. 
Cheung NKV. unpublished data). 

Some of the disadvantages in the use 
of radiolabeled mAb conjugates involve dif- 
ficulties in preparation, storage, and han- 
dling of radioactive material, as well as real 
or perceived safely considerations of medical 
care personnel, and in some cases, special 



patient rooms for a limited amount of time. 
Unbound circulating radiolabeled antibody 
can result in the dosc-limiting marrow io.\- 
iciiv. The use of new chelates (123. 185) de- 
signed 10 hold the radionuclide more tichily 
in the antibody complex may prove an im- 
portant advance for this modality. Finally, as 
mentioned above, the use of a given antibody- 
radiocon jugate in low diagnostic doses fol- 
lowed by y camera scanning, may provide a 
"therapeutic inde.x" for selected patients to 
go on to subsequent therapeutic doses. 

INNOVATIONS IN mAb-BASED 
THERAPIES 

Up Regulation of Target Antigens 

Virtually even- property of a tumor cell 
population has been shown to demonstrate 
some degree of heterogeneity or modulation, 
either between different tumor masses or 
among cells of a given tumor mass; this phe- 
nomenon has been demonstrated for hor- 
mone and growth receptors, drug resistance, 
oncogene product expression, etc. Expres- 
sion of some tumor-associated antigens is no 
exception. It is unclear at this lime, however, 
whether antigenic heterogeneity reflects the 
emergence of a new stable antigerhphcnoupe 
or a tcmporar>' modulation of expression of 
an antigen on the preexisting phenot>pc. In- 
deed, much evidence is now emerging that 
what has been viewed as "antigenic hetero- 
geneity" may actually be antigenic modula- 
tion. Factors such as spatial configuration 
(186). or exposure to biologic response mod- 
ifiers (187. IbSl have been shown to have the 
ahiliiv to alter the expression of some tumor 
antigens. One approach is thus to better un- 
derstand the phenomenon of antigenic mod- 
ulation and to find ways of manipulating it 
to one s advantage. 

The use of biologic response modifiers 
to up regulate TAAs on the tumor cell surface 
is currently being pursued in several labo- 
ratories, with the goal that these studies will 
lead to enhanced mAb binding to the tumor 
cell. For example, it has been demonstrated 
that certain recombinant IF.Ns. such as u 
(clone A), (i-ser and ^. can actually up regu- 
late the expression of several TAAs. such as 
some melanoma antigens, and carcinoma 
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aniiiicns r>uch .is CEA and TAG-72 ( 189i on 
thf cell surtacc. li has l)con shown thai the 
concentrations ol IFN required lo induce this 
phenomenon can be well below cviosiai jc and 
cyioioxic doses ( 189). The mechanism tor the 
phenomenon is not clearly understood at i his 
time, but it has recently been shown that 
rccombinani (FN can up re an late steady e-i.ur 
message of the CEA ucnc 1 1901. U has also 
been shown (1911 that the TAAs CEA and 
TAG-72 can be up refiulaicd on approxi- 
mately 80% of fresh biopsy specimens of ef- 
fusions of a variety of carcinomas and not up 
reculated on benign effusions and a variety 
of normal cell lines. When recombinant IFN- 
(t was injected into mice bearing human tu- 
mor xcnoerafts. it was shown to up reeulaie 
antitjen expression and enhance the binding 
of administered radiolabeled antitumor mAb 
11921. It has also been shown thai IFN can 
enhance tumor targeting of radiolabeled mAb 
in melanoma patients (1931. Recent studies 
have demonstrated, in ovarian and gastroin- 
testinal cancer patients, that relatively low 
doses of i.p. administered recombinant IFN- 
y can increase the expression of the TAG-72 
antigen on carcinoma celts in effusions within 
24 hours after administration (194) (see Fi^. 
6.4}. These findings may thus ultimately prove 
extremely important in enhancing both di- 
agnostic and therapeutic modalities of mAb- 
based therapies. 

Synergism Between mAbs and 
Other Biologic Response Modifiers 

Several experimental studies in vitro and 
in animal models have now demonstrated that 
mAbs may act s\Tiergistically with effector cells 
to mediate tumor cell cytotoxicity, i.e.. ADCC 
For example, using a syngeneic mouse model, 
it has been shown (195) that an antitumor 
antigen mAb can work svnergistically with 
lL-2 to activate endogenous murine LAK cells 
to more efficiently eliminate liver metastases. 
Recently, it has been shown (3 1 . 6 U that some 
antitumor mAbs can act s^Tiergistically with 
human LAK cells to more efficiently mediate 
killing of human tumor cells than either com- 
ponent alone. It has also been shown that 
antitumor mAbs may be chemically cross- 
linked with anti-Fc receptor mAbs to form 
heteroantibodies that can more efficiently 



mediate T cell killing of hutnan tumor cell 
populations: this phenomenon has been de- 
tailed in a recent review (196). 

Numerous studies are now being \tn- 
dertaken to use m.^bs in combination with 
other biological response modifiers: for ex- 
ample, the use of lymphokines such as lL-1 
or colony-stimulating facicr* in conjunction 
with therapeutic doses of mAbs couplea to 
drugs or killer isotopes could well reduce 
marrow toxicity (197). Finally, with the dc- 
vclopmoni and use of recombinant chiino.Mc 
mAbs. one can now directly introduce se- 
quences Ibr linkers of drugs or toxins, the 
toxins themselves, or biological response 
modifiers directly into the immunoglobulin 
molecule for more efficient deliver>- to tumor 
masses. 

Second and Third Generation mAbs 

As outlined in Table 6. 1 , mAbs to a range 
of tumor antigens have been generated, some 
of which are now in clinical trials. There is 
no a priori reason to a?surne. however, that 
the first mAb to a given tumor antigen is the 
best in terms of specificity, affinity, isotype. 
etc. This has been seen with the HMFG an- 
tigens (8) and with the TAG-72 antigen. For 
example, the original B72.3 mAb was used 
to purify the reactive TAG-72 antigen. This 
antigen was then employed as immunogen 
to produce a second generation of mAbs (41. 
As a result of extensive testing and selection, 
some of these mAbs have been shown to have 
higher affinities, to more efficiently bind hu- 
man tumor xenografts than the original B72.3 
and arc more efficient in preclinical therapy 
experiments. The structure of many tumor 
antigens recognized by mAbs have now been 
elucidated, and the genes coding for these 
tumor-associated antigens have been, or are 
in the process of. being defined. This may 
lead to the preparation of svTithetic peptides 
that can be used as immunogens and thus a 
new generation of mAbs to as yet undefined 
determinants. The use of combinations of 
mAbs should not be ruled out in future ther- 
apy studies. For example. mAbs to CEA and 
the TAG-72 antigen have been shown to be 
complementary in their reactivities to hu- 
man carcinoma populations ( 198), 

It should also be pointed out that the 
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Relative Fluorescence Intensity 
Fisure 6.4. The use of recombinant interferon :o ud regulate tumor antigen excresston. Changes induced 
!r 672.3 binding to human ovarian carcinoma cells isotatea from adenocarcinomatous ascites before and 
aner the patient received two successive weeicly i.p. administrations o' IFN-^ (0.1 milliunits). Prior to the initial 
= 0 treatment with 0,1 milliunits IFN-^, ascites was removed and the constitjtive TAG-72 cxoresston was 
T'Ccisured tr/ &7^.3 binding using flow cytometry (A) and tm.munocy:cchemis:r/ (D;. B and E iliu'st-ate the 
aite-'ations in B7S.3 reactMty tc carcinoma cells isolatec 2a hours after .o. IFN-> treatment. The patient was 
yiver d second i.p. treatment wirh p.l milliunits of IFN-^y, and B72.3 binding was analyzed by flow cytometr/ 
(C) and immunocytochemtcai stamtng (F) 48 hours later (i.e.. oay 9) (194) Reddish brown stain indicates 
•umor antigen-positive cells. (From Greiner JW, Guadagn? F, Goldstein D, et ai Preclinical and phase lAlB 
Clinical studies demonstrating that tnterferon-gamma (IFN-7) augments tne levci of tumor associated glyco- 
orotein-72 -(TAG-72) expression on human ovarian carcinoma cells [Abstract! 1989 Annua' Meeting o*' tr^e 
iriernational Society for Interferon Research. Florence. Italy. 1989 : 
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Ucncrniion ol anUiumor ni.Abs has led lo the 
isolaiion. bv mAb atfiniiy chromaioi*raphy. 
ot novel lumor-associaicd aniiuens. These 
am mens can now be beiier characicrixcd and 
puritird and be employed as rcaecnis tor ac- 
tive immunotherapy of cancer paiienis. One 
example of this is the vaccinia p97 melanoma 
aniiticn construct which has proven sur 
tessiul in preventine the transplant ol tumor 
cells containing this antigen in preclinical 
animal studies ( 1991. The vaccinia p97 con- 
struct has also been shown to elicit immune 
responses to the p97 antigen in nonhuman 
primates. 

DOSE FRACTIONATION PROTOCOLS 

As discussed in detail elsewhere in this 
chapter, one of the major drawbacks in mAb- 
bascd therapies to date has been the devel- 
opment of the HAMA response after just one 
or two mAb administrations. This response 
has thus abrogated the effectiveness of sec- 
ond and subsequent mAb administrations by 
clearing mAb via immune complexing and 
thus reducing the percentage of mAb that 
reaches the tumor site. These problems may 
be vastly reduced bv the development of re- 
combinant'chimeric mAbs. humanized mAbs. 
or SCAs. Furthermore, recombinant/chi- 
. meric mAbs. humanized mAbs. or SCAS make 
possible the employment of efficient dose 
fractionation protocols. 

Vcr\' few systematic studies have been 
carried out. however, to determine if dose 
fractionation protocols involving mAbs will 
actually enhance antitumor activity and'or 
reduce to.xicitv. A recent study was carried 
out to lest this principle. mAb B72.3 was ra- 
diolabeled with '"I and administered to 
athvmic mice bearing the LS-174T human 
colon carcinoma xenograft to determine if mAb 
dose fractionation had any advantage in tu- 
mor therapy- The LS- 1 74T xenograft, in which 
onlv approximaielv 30-60% tumor cells ex- 
press the B72.3 reactive TAG-72 antigen, was 
used to reflect the antigenic heterogeneity of- 
ten seen in patient biopsy specimens. In con- 
trast to a single 600-jiCi dose of >^'!-B72.3 
where a few animals had reduced tumor 
growth, but 50% of the animals died from 
toxicity (Fig. 6.5), the administration of two 
300-^Ci doses of 872. 3 (total of 600 jiCi) re- 



duced or eliminated tumor growth >n 90% ot 
mice, with only 10% of the animals dymc 
from marrow toxicity. Three-dose tractiona- 
lions even permitted escalation of the dose 
to 900 iiCi resulting in even more efficient 
tumor reduction or elimination and minimal 
toxicity (Fig. 6.51. Tumors that had escaped 
mAb nt rapv were analyzed for expression ol 
the TAC-72 antigen and were shown to have 
the same antigenic phenoi>pe as untreated 
tumors The use nf an isot>pe-matchcd con- 
trol mAb revealed a nonspecific component 
to tumor growth retardation, but the use of 
the specific 872.3 demonstrated a much 
greater therapeutic effect. These studies thus 
demonstrate (I2mhc potential advantage of 
an efficient dose fractionation of a radiola- 
beled mAb for tumor therapy. It is antici- 
pated that this concept can now be applied 
in radioimmunotherapeuticclinical trials with 
the development and use of recombinant/chi- 
meric mAbs and modified constructs. 

GENETICALLY ENGINEERED AND 
CHIMERIZED ANTIBODIES 

In the opinion of some, the ability to 
genetically clone, alter, and express Ig genes 
is to mAb'research and employment, as great 
a quantum leap in immunology as was the 
transition from the use of polyclonal sera to 
the advent of hvbridoma technology and the 
use of monoclonal Igs. mAbs gave us the abil- 
ity to define the rules and parameters of ig- 
bascd diagnostics and therapeutics and basic 
Ig functions. Now. recombinant Igs and their 
altered forms give us the ability to overcome 
many of the shortcomings of existing mole- 
cules. optimize functions, and deploy new 
functions bv genetically engineering into 
molecules. A review of recombinant/chimeric 
mAbs has recently been written (200). This 
section will contain some of the more relevant 
points made previously and delineate how this 
new technolog\' may be of direct consequence 
to cancer therapy applications. 

The potential for the use of genetically 
engineered mAbs in the management of can- 
cer is enormous. Perhaps the most immedi- 
ate advantage of recombinant/chimeric mAbs 
will be the reduction of the HAMA response. 
It has been demonstrated that the vast ma- 
jority of this response is directed toward the 
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Fisurc 6.5. Advantase of a dose fractionation orotocoi. Effect of admmstration of dose fractionated ^" l- 
-oeied B72 3 IsG on the srosMh of the LS-1 74T colon carcinonra xenosraf: ir ethvmtc mice Each /^ne represents 
-re srowTh of the tumor in an ind-viduai mouse. Arrows reoresert the timeCs; of aammistration post tumor 
.-roiantation. Crosses represents tne death of a mouse. A shows the effer of a smsie aamm.stratior o: 600 
of ■^"UB72.3. Ooen mansles in all panels are tne results of 10 mice that received ap eaual aose o. 
ur;ab€ted 872 3 B, C, and 0 reoresert the effect o' dose fractionation as follows: B, 200 ^iCi o^ ' I-B72.3 > 
? ^or a total of 600 ^Ci; C. 250 nC of -^1-872.3 3 ^or a :ota' o' 750 nC>; D. 300 nCi ■ 1-372 3 >■ o ^or 
:i total of 900 mlCi-(121). 



murine Fc region of the Ig molecule! 1 11. 1 121. 
The major consequence of the HAMA re- 
sponse is the rapid clearance of the admin- 
istered mAb due to antibody-antibody com- 
|.^'c.\ing: an example of this is shown in Figure 
(>.6. The mAb clearance may be so rapid as 
lo prevent the vast majority of the mAb from 
r;*;u hing the iumor site. Thus, in reality, in 
\irtually all the previously reported human 
therapy trials using multiple administra- 
iions ot murine mAbs. only the first and'or 
ix rliaps the second mAb administrations were 
optimally reaching the tumor site. It is un- 
rcalisiic to assume that just one or two ad- 
nunistrutions of a given anticancer 
therapeutic could be effective. Thus, the 
preparation and administration of recombi- 



nant/chimeric or humanized anti-tumor niAbs 
may eliminate or greatly diminish this prob- 
lem. Following inject ions of recomoinant rhi- 
meric m'Xbs. however, some anii-Ig response 
may result . This could be directed to certain 
structures within the murine variable region 
and perhaps directed toward the idioi\T3ic re- 
gion, i.e.. binding site of the hs-pcnariablc 
region. 

There arc numerous ways in which an- 
tibodies can be modified. Antibodies are 
formed by poh-pepiide chains held together 
by noncovalent tbrccs and disulfide bridges 
(Fig. 6.71. A pair of identical L and H chains 
form a bilaterally symmetric structure. The 
polvpeptide chains fold into alobular do- 
mains separated by short peptide seamcnis; 
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HOURS AFTER INFUSION 
Fisure 6.6. Serum clearance o' orotem-bound ra- 
aioacuvity foiiowins injection of a oatient with - I- 
labelcd rnAb 9.2.27 is shown. The oercentaqe of the 
iniectior dose retained m oiasma after the first (ooer 
orcles) ana second {closed aretes) mAb adminis- 
rration is showr (230) Note the raoid serum clear- 
ance due to the development o- HA/sAA 

the H chain has four or five domains de- 
pending on the isotv-pe. and the L chain has 
two. The N- terminal portion of each chain 
constitutes the variable re,^ion (V'h. Vt ). A Vh* 
Vi pair carries the antigen combining site 
and contributes to antibody specificity: this 
section of the antibody is desii^nated the Fv 
region. The remainder of the molecule con- 
stitutes the constant (C) region, the region 
of the molecule responsible for effector func- 
tions such as Fc receptor binding, comple- 
ment fixation, catabolism and placental 
transport. Immunoglobulins with different C 
regions and therefore of differing isotvpes (in 
humans they are IgM. IgD. IgG 1-4. 1.gAl . IgA2. 
and IgEl may exhibit different biological 
properties. In some isotvpes. a hinge region 
separates ChI and C»2 and provides the mol- 
ecule with segmental flexibility. The enzyme 
papain cleaves near the hinge to generate the 
Fab and Fc portions of the antibody molecule. 



Antibodies arc glycoproteins with the car- 
taohvdratc content var>-ing among different 
isoi>pes. One uniform feature of all IgG iso- 
tvpes is thai each H chain contains a single 
carbohydrate moiety at Asn-298 in Ch2. The 
carbohydrate is not only important in main- 
taining the structure of the IgO but also is 
essential for some effector functions. 

According to Greek m>iholo,g\'. a chi- 
mera is a monster with a lion s head, a goat's 
body, and a dragon's tail. Chimera has now 
oome to characterize things put together irom 
diverse gene segments not normally found 
associated 12001. Chimeric antibody genes are 
genes assembled from diverse gene segments 
not normally found associated. Chimeric im- 
munoglobulins can be intraspecles. where 
variable and constant regions are from the 
same species or interspecies, where, for ex- 
ample, the variable region is of mouse origin 
and the constant region is of human origin. 
Chimeric Igs can include antigen-binding 
specificities joined to non-Ig protein struc- 
tures. 

The ability to genetically manipulate Ig 
genes and then express these altered genes 
enables one to produce mAbs that have im- 
proved properties when compared to the 
existing hybridoma antibodies. Table 6.4 
contains a list of some of the possible alter- 
ations of Ig genes and their potential biologic 
consequence. To produce genetically engi- 
neered antibody molecules, three prerequi- 
sites must be fuifiUed: (a) a recipient cell must 
be available that produces functional anti- 
body molecules, (b) there must be a means 
to efficiently introduce DNA into the recipient 
cells, and (c) expression vectors must be 
available that both permit the expression of 
the antibody genes and the isolation of the 
rare recipient cells expressing the introduced 
genetic information (200). 

Antibodies are multichain proteins with 
heavy and light chain polypeptides held to- 
gether by disulfide bonds. Proper assembly 
must take place to produce a functional mol- 
ecule. To make a complete functional anti- 
body molecule, the recipient cell must be able 
to assemble, glycosylate, and secrete the mul- 
tichain antibody molecule. Recombinant Ig 
molecules have now successfully been pro- 
duced In bacteria, yeast, a range of mam- 
malian cells (both B cells and nonhemato- 
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Fiqure 6 7 The basic s:ruc:ure of tsG. The amino-termmai end .s cnaractenzed by seauence vanabtiiry {\A 
.r. Do'h the heavy (H) and hshr (0 chains, which are referred :o as the V. and V resions, respectively. Tne 
rest of the molecule has a relatively constant (O structure. The constant portion of tne iisht chain is termed 
rnc C region The constant portion the heavy chain is further divided mto three structurally discrete reatons. 
C 7 C 2 and C 3 These slobular resions. which are stabilized by mtrachain disulfide bonds, are referreo 
ro as domain The sites at whicn tne antibody bmds antisen are located m the variable domains. The hinse 
reqion is between the C.I and C.2 domains m most 13s. Flexibility in this area permits variation m tne distance 
between the two antfsen bindins sites, allowins them to operate independently. Carbohydrate moieties are 
attached to the C^2 domains (231), 



poiciic cells), and most recently in plants (200. 
201). To date, most recombinant/chimeric 
untiiumor mAbs have been produced in 
mammalian cells. Even under optimal con- 
ditions, gene transfection into eukaryotic ceUs 
is an inefficient procedure with only rare re- 
cipient cells becoming stably transfected. 
Thus, vectors should be used that con rain 
biochemically selectlble markers that permit 
the selection of the rare stably transfected cell 
lines. The most commonly used vectors to 
date have been based on the pSV2 vectors 
(202, 203). These vectors contain three es- 
sential elements: (a) a plasmio origin of rep- 
lication, (b) a gene encoding a biochemically 
selectable phenotype in bactei ia, and [c] a gene 
encoding a biochemically selectable marker 
in eukaryotic cells (Fig, 6.8). To create anti- 
body molecules, the two genes encoding heaw 
and light chains must be transfected into the 
same cell, and both polypeptides must be 
ss-nthesized and assembled. 

A number of murine mAbs that recog- 



nize TAAs have demonstrated potential for 
both targeting tumors and for tumor ther- 
apy, either unconjugated via ADCC. CDC. or 
conjugated 10 anticancer agents or radio- 
nuclides. The utility of these antibodies has 
been limited in part by the development of a 
HANIA response and/or failure of the antibody 
to possess the desired biologic properties such 
as serum clearance pharmacokinetics and 
perhaps tumor penetration. Mouse/human 
chimeric antibodies comprised of vafiablc re- 
gions derived from murine hybridomas and 
human constant regions will presumably be 
superior for administration ;« humans due 
to their reduced immunogeniciiy. altered 
phamacokinetics. and ability to function more 
effectively with human effector cells. To date. 
Ig genes encoding a number of murine mAbs 
with reactivity to tumor-associated antigens 
have been cloned and expressed (Table 6.5). 
Chimeric antibodies have been prepared uti- 
lizing human constant region genes joined 
with variable rctjions derived from the re- 
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spcciivc niAbs. In all cases, ihv rcsuliinu; chi- 
meric proteins retained the specitic bindintl 
characteristics of the nuirine inAbs. An ex- 
ample oi this is seen in Figure 6.9 in uhich 
the recombinant Icontaininu murine Fc! and 
recoinbinanL chimeric icontaniinii human Fel 
B72.3 compete coniplciely lor the bindinti ol 
native 1372.3 to the TAG-72 antiiien. In pre- 
clinical radiolocalization siudich.. chlnieric 
antibodies have been shown to clTicienily lo- 
calize human .xenoUralt timiors in aihymic 
mice (204. 2161. An aliernaie approach to 
chimerization has been to ■ himianize" ihe 
antibody by the insertion of h\pervariable re- 
gions from the heavy and liUhi chain do- 
mains of a rat niAb reactive with a human 
lymphocyte antiuen. CAMPATH-l, into a hu- 
man liiGl Ik I antibody. A recent report (2171 
described the treatment of two non-Hodu- 
kins lymphoma patients with a fully re- 
shaped (chimerici antibody CAMPATH-1. 
Tumor reduction was reported in both pa- 
tients without the development of a serol- 
ojgically delectable antiimmunoulobulin 
response. Hecenily. the anii-TAC mAb has 
also been humanized (1181. 

Chimeric antibodies have been shown 
to exhibit biological properties appropriate 
lor their respective human It* subclasses (105. 
1 12). Chimeric antibodies consistint^ of the 
murine variable rct^ion derived from the iiiAb 
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17- 1 A coupled with human 7I. y2. y'3. and 
v4 constant rctjions have been evaluated for 
their abilities to mediate ADCC of human lu- 
mor-eell targets in the presence of human 
and murine effector cells and compared with 
the parental murine IgGj., antibody. Mono- 
cytes and macrophages utilized chimeric IgG , . 
and to a lesser degree IgG, and IgG.;. 10 me- 
diate tumor cell lysis in AUCC assays. 

In some instances, the substitution of 
human constant regions has resulted in en- 
hanced antitumor activity or has imparted 
biological activity to a nonfunctional anti- 
body possessing desirable binding specific- 
ity. For example, both murine (IgGv;, .,) and 
chimeric (IgGi.J forms of mAb L6 exhibit 
identical affinities for the carcinoma-asso- 
ciated L6 antigen, and both mediate CDC. 
However, chimeric L6 mediates ADCC in the 
presence of human effector cells at a concen- 
tration 100 limes lower than that required 
for native murine L6. Additionally, chimeric 
L6. but not murine L6. lysed a melanoma cell 
line expressing small amounts of L6 antigen. 
mAb B72,3. which is a murine IgG,, has weak 
ADCC activity. The recombinani/chimerlc 
B72.3 with a human y\ constant region has 
recently been shown to mediate ADCC of hu- 
man ovarian carcinoma cells in combination 
with human LAK cells (218). 

In the first study involving a recombi- 
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Figure 6.8. vectors used to deliver ONA ^or exoressior of .n^rpurogioDunn se^es. The oSVS vecors con:a,r 
-e reoh4on ong.n ( or!) from the piasmid DBR322 ana the U-iactarrase qene orovio.rg resistance to arr.^on, 
^•amD> me DSV184 vectors contain the reolicat.on ongin from pACyC184 ana :ne ch.orampnen.coi ace^l- 
.Sa e sene Sovd^S resistance to chloramonemcoi icrr- (dBWSS ana oACYClS^ are conroatibic 
«X fZr::^. the PSV2 vector contains tne neavy chain S-e -c "he e^^^^^^^ 
unit expressing the £co-SPr gene providing resistance to mycoorenoiic acid ^'^^^ °Sy.34 veoor con.a^. 
•ne i.gr^ chain gene and the neo gene in the eukaryotic transcription umt providing resistance » G4ia Tre 
exor st ucte of t«th the light and heavy cnam genes is depicted Arrpv^ indicate "^^^ "''"^f « 
oelveer the DNA segments and the different domains of tne Ig po^oeptioe cna.r :hev encoae Tne 
^^phoJc leader Suence of both heaw and ngr.: chains ,s removeo aner syrtnesis ana is no: presen: 
:re nature ;rrmunog!obulin rr.olecu'e (2^22; 



nanichimehc mAb (1121. a mousc'human 
chimeric construct composed of murine mAb 
1 7- 1 A and the constant region of human IgG t 
was administered to colon cancer patien;s. 
Patients received either single infusions of 10 
or 40 mg of recombinant;chimcric 17-1 A. or 
ihrcc infusions of 10 or 40 mg at 2-\vcck in- 
ternals. The pharmacokinetics of recombi- 
nant chimeric mAb serum clearance were 
similar at both dose levels and at second and 
third mAb infusions, thus indicating the ab- 
sence of any functional anti-lg responses. The 
plasma clearance curves of the recombinant 



chimeric 17-1 A were best fit by a luo-com- 
partmcni model having a mean of ( = , of 17.5 
hours and a mean li t. , of 100.5 hours. Only 
one of 10 patients appeared lo demonstrate 
an anti-lg response following three mAb ad- 
ministrations: this response first appeared, 
however, at day 63 post mAb administration, 
was of relatively low titer, and was directed 
toward the murine variable region of the chi- 
mera 1 1 121. The patients in this study had 
no to.\ic or allergic reactions. Thus, the re- 
combinant chimeric form ol 17- 1 A had a 
longer circulation time and appeared to be 
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Fisurc 6.9. Comparaiive irr.munoreactiviry of a na- 
tive and recombinant chimeric mAb. Immunoreac- 
tivity of recombinant and recombmanichimeric 8723 
were anatyzed in a competitive radioimmunoassay 
and snown to be mdisttnsuishable. Recombinant 872.3 
(open SQudres) and recombinant-chimeric B72.3 isohd 
SQuares) were compared to the native B72.3 I3G 
standard isoUd ardes). MOPC-21 {open orclesUr^ 
isotype-identical I3. served as a nesative control (216). 

substantially less immunogenic than its mu- 
rine counterpart. 

The immune response to certain mu- 
rine sequences in chimeric Igs could be re^ 
duced or eliminated bv their substitution with 
human sequence, i.e.. the Ig molecule could 
be "humanized." A complementary approach 



10 address this problem is to create a family 
of antibodies with the same combining spec- 
ificities but with different ldiot>plc determi- 
nants: these chimeric or humanized con- 
structs could be used sequeniiaUy as a way of 
circumventing the human Immune antiidi- 
otvpe response. Although the potential for the 
development of an anii-ld response following 
numerous administrations of recombmant/ 
chimeric mAbs is real, ii may not be as pro- 
nounced as that which has been seen when 
administering murine mAbs. The reason for 
this mav be that the murine constant region 
is actually acting as a carrier and thus en- 
hancing the immune response to the idiotypic 
region. Thus, if the human Fc is less immu- 
nogenic in patients, a diminished antl-ld re- 
sponse mav also be manifested. 

One of the major advantages in the use 
of genetically engineered mAbs is the ability 
to modify the Ig molecule to alter pharma- 
cokinetics. One mav wish to slow down plasma 
clearance of a mAb. as in the case of using 
unconjugated antibody to mediate ADCC. or 
speed up the plasma clearance when one is 
using a mAb conjugated to a radionuclide, in 
which the circulating mAb-radionucllde may 
cause damage to marrow. Moreover, it is still 
unclear what the optimal Ig size and phar- 
macokinetics are for mAbs administered via 
intracavitarv routes. Until now. immunoche- 
mlsis have been at the mercy of various en- 
zymes such as papain to alter mAb size and 
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perhaps alter pharmacokinetics. Howev er, these 
enzv-mes do not always work efficiently, and 
the'resuliine Ig fraemenis do not alwa>-s dem- 
onstrate stability in vivo. GeneiicaUy engi- 
neered Igs provide several ways to alter 
pharmacokinetic properties. These include: 
(a I large alterations in size by the addition or 
deletion of domains and more subtle altera- 
tions in size bv producing smaller deletions. 
(bl construction of Fv molecules, and 
(c) alterations in glycosylation. It has been 
demonstrated that minor changes in glycosy- 
lation can alter the serum pharmacokinetic 
patterns of macromolecules. and Igs in partic- 
ular (2191. Finallv. alterations in Ig genes can 
be envisioned that will alter the metabolism or 
caiabolism of the Ig. This is extremely impor- 
tant in the case of some mAb-isotopc conju- 
gates in which some isotopes may be retained 
in the liver or kidney. Size differences in Ig 
forms also have implications in tumor pene- 
tration. It has been shown that smaller mAb 
forms such as fragments \nU peneu^te through 
a tumor mass more efficiently than intact Ig 
(150). Small, genetically engineered forms re- 
main to be analyzed for this property. 

Antitumor mAbs may also be modified 
so that they can act as more efficient vehicles 
for the delivery of antitumor drugs, toxins, 
radionuclides, or biological response modi- 
fiers. This can be achieved by directly ligating 
cither the antitumor agents or their linkers 
into the Ig molecule. This has been accom- 
plished in the ligation of Pseudomonas ex- 
otoxin into antitumor mAbs OVB3 and anti- 
TAC (42. 220. 2211. 

Finallv. increases in affinity and avidity 
of antitumor mAbs have the obvious advan- 
tage of more efficient lumor binding and per- 
haps prolonged binding time at the tumor 
site- Genetically engineered mAbs can be 
modified to increase affinity :n several ways. 
These include site-directed mutagenesis 
wiihir. the hyper\-anablc region, altering gly- 
cosylation of the variable region, and perhaps 
altering the hinge region. Many of these ma- 
nipulations have been carried out success- 
fully with mAbs to noniumor antigens (222). 
and thus there is no apparent reason why 
ihcy cannot ultimately be applied to antitu- 
mor clinical applications. 

There is one point that should be em- 
phasized as another major advantage in deal- 



ing with genetically engineered molecules in 
cancer management. When a modification in 
the human Fc molecule has been made for one 
mAb. such as an alteration in size or glyco- 
sylation. or insertion of a drug or toxin, the 
cassette of this same construct can then be 
utilized with the antigen binding region of vir- 
tually any other anti-tumor mAb. Thus, the 
difficult and lime consuming immunochcm- 
istn- of linkage of an antitumor agent such as 
a drug, toxin, radionuclide, or biologic re- 
sponse modifier, or the enzs-matic degradation 
of sugar moieties or Ig domains, does not have 
to be repeated for each antitumor mAb of in- 
terest. This property should thus greatly ac- 
celerate progress in the utilization of antitumor 
recombinant chimeric mAbs and their modi- 
fied constructs in the various aspects of cancer 
diagnosis and therapy. 

Single Chain Antigen Binding 
Proteins 

One concern with the use of large mol- 
ecules such as immunoglobulins as therapeu- 
tics is their inability to penetrate through large 
tumor masses ( 1501: a smaller mAb form would 
be expected to exhibit belter penetration. Fur- 
thermore, as detailed above, a major problem 
has been ihc appearance of the HAMA re- 
sponse in both diagnostic and therapeutic ap- 
plications. Another problem that has emerged 
with the use of radiolabeled mAbs as thera- 
peutics is that the radiolabeled mAb not bound 
to tumor remains in the circulation for several 
days with possible manifestation of marrow 
loxicitv' ( 129. 223): thus, a mAb form that clears 
the blood pool more rapidly would be advan- 
tageous. Whereas F(ab')j and/or Fab frag- 
ments help to reduce the HAMA response 1 109, 
110). it is often difficult to generate these Ig 
forms in a manner such that they retain stable 
immunoreaciiviiy in vivo. 

One of the major recent advances in re- 
combinant Ig lechnologv' has been the devel- 
opment of single chain antigen binding 
proteins. (SCAs) ( 1 19. 224. 225). These are 
recombinant proteins composed of an Ig vari- 
able light chain amino acid sequence (V, ) 
tethered to a variable hea\T chain sequence 
(V'hI by a designed peptide ihai links the car- 
bo.xyl terminus of the V,. to the amino ter- 
minus of the V„ or vice versa (see Fig. 6. 10). 
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S.wral St A;,. ..1><. u rnu d Miiulr chain fy> 
(•.■241 havi- rwi iulv brcii piodmvd in Lst /i- 
Jru-lua col. and. ns.nu a varicv ol linkers. . 
havr been reporied ... have K , values ol ap- 
proxima.clv 3- lo 7-K.ld lower .han .hai ol .he 
Fab or rab' i 1 19. 2241. and in one case, one- 
ihird .hat or.he intact laG (2251. These siua 
ics abo demonstrate the pcii-ntial itnpcr- 
,ance ol the individual linkers employed .o 
tether the V„ and V, chains in inOuencna 
b.nd.n..properties.,rSCAs.Un:ilrecenll>-..io 
SCA has been analyzed in vivo lor siab.Utx. 
pharmacokinetic properties, and the ability 
lo bind a lartfet such as a tumor, "d^fd. one 
eoncern was that, due to .he small t!« of he 
SCA (25 kDal versus 50 kDa lor Fab . 100 
kDa lor Flab 1., and 150 kDa for intact IgG. 
this molecule would leave the bloodstream so 
last as to not allow time for tumor tar^otint 
Moreover, due to the tetherintjol the V„ ana 
\-, bv an amino acid linker, li was unknown 
wheiher this ivpe of molecule would main- 
tain its aniigen binding capability in vivo. 

A recent studv (2261 described the in 
vivo stabiliiv and application of an SCA. The 
molecule was a novel recombitjant protein^ 
expressed in E. co/i and derived frotr, the DNA 
sequence of the variable regions of the anti- 
tumor mAb B6.2. Competition RIA siud.es 
showed virtuallv the same binding properi.es 
lor the SCA and Fab . Comparative phar- 
macokinetic studies in athymic mice dcm_ 
onst rated the SCA to have much more rapid 
plasma clearance « and U phases (I . values 
of 2 4 minutes and 2.8 hours, respectively! 
than the Fab fragment, as well as an e.x- 
tremelv rapid whole body clearance. Desp.te 
its rapid clearance, the SCA showed a com- 
parable uptake in a human tumor .xenograli 
as that of the Fab resulting in tumor:normal 
tissue ratios similar to or greater than those 
obtained with the Fab" (Table 6.61. Further- 
more the SCA molecule did not show accu- 
mulation in the kidney as did the Fab or. as 
previously shown. Flab l, molecules. These 
studies thus demonstrated the apparent in 
vivo stabllliv and the potential for clinical ap- 
plications in cancer as well as other diseases 
for recombinant SCAs. 

There are numerous reasons why s>t-As 
mav prove potentially useful for cllni.:al ap- 
plications in the managemeni of can:er. in 
which conventional mAbs or even recombi- 



Table 6.6. 
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nanichlmcrlc mAbs arc now being us^d or 
being considered for use. These reasons in- 
clude the following, lal The very rapid clear- 
ance from the blood pool and whole body 
makes SCA molecules particularly attractive 
for coupling to radionuclides land some drugs) 
so as to reduce unwanted bystander tissue 
io.xicitv. (blThe accumulation of Fab and 
F(ab |.] in the kldnev-s may not be seen with 
SCAs 'This is potentially important lor the 
radioimmunodetectlon of tumors In the per- 
itoneal cavliv and in reducing potential k.d- 
nev to.Mcitv associated with the use of drug- 
or radionuclide-conjugaied Ig fragments. 
,cl The small size of SCAs should improve 
their capacltv for rapid and evenly distrib- 
uted penetration through tumor masses. 
,dl SCAs should have reduced immunoge^ 
nicitv because thev do not contain C„2 and 
C„3 domains of intact Igs. of the C„l or C,. 
domains found In Fab or Flab ), fragments. 
The absence of C„ I and C,. domains may also 
reduce antiallotvpe responses, (e) Because 
Fab or F(ab )3 fragments are generated 
through proteolysis, they are often d.ff.ciill 
,0 produce in active form for m vivo iise. In 
contrast. SCAs. which are s>'ntheslze<J from 
recombinant genes m £. coli. should be eas- 
ier to make reproduclbly in an immunoreac- 
tive form, (.fl There should be a greatly reduced 
cost associated with the production, purifi- 
cation, and quality control of clinical grade 
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SCAs as compared to the use of conveniional 
mAbs or mAb fra,emenis. Moreover, one need 
not be concerned about coniaminaiion with 
mammalian DNA (i.e.. oncogenesl. mariy 
malian retroviruses, and murine advcnu- 
tious viruses (such as hepatitis, etc. I as m 
ihe case of conventional mAbs produced in 
mammalian cells. One also does not have the 
extra costlv procedure of generating a pro- 
leolvtic fraemeni from an intact IfiG under 
the" strict guidelines required for use as a 
clinical reagent, (g) Because SCA rnolecules 
are so small, ii may be possible to add regions 
of the Ig molecule responsible for effector- or 
complement-mediated functions, or drugs or 
specific combining sites for drugs and radio- 
nuclides (i.e.. bifunctional chelates) for more 
efficient therapeutic andor diagnostic appli- 
cations. This has recently been done with the 
anii-TAC molecule (2251. Recent studies have 
ihus demonstrated that SCA molecules can 
now be seriously considered for clinical ap- 
plications. 

COMBINATORIAL LIBRARIES 



One of the more provocative recent 
findings has been the demonstration that one 
can produce recombinant Igs via a combi- 
natorial libran- (227). A novel bacteriophafie 
A vector system was used to express in £. co/i 
a combinatorial library of Fab fragments of 
the murine antibody repertoire. This system 
poteniiallv allows for a rapid and easy iden- 
Uficaiion of monoclonal Fab fragments in a 
form suitable for genetic manipulation. Via 
this approach, li was demonstrated possible 
to generate mAb Fab fragments against a 
iransilional state analogue hapten. One pos- 
sibiliiv is that this method may complement 
and perhaps ultimately supersede ihc pres- 
ent dav hvbridoma technolo.g.v. The basis for 
this approach is that current methods of gen- 
crating mAbs may not provide for an ade- 
quate sur^•cv of the potential Ig gene repertoire. 

Recent rrporis (215. 2281 described the 
construction of a plasmid expression librar>- 
in E. coli in which Vh fragments with reac- 
Uviiv to kevhole limpet hemocyanin iKLH) and 
Ivsozvme were isolated. Many believe, how- 
ever.' that it is unlikely that the affinity ol 
isolated V„ fragments will generally match thai 
of intact Igs. since the V, has been shown lo 



be required for providing contacts criiical lor 
antigen binding (2291. 

The kev to the combinatorial librar\- 
process recentlv described (2271 was in solv- 
ing the problem of expressing ihc repertoires 
of heaxT and light chains in combination. 
The combinatorial librarx- was generated m 
two steps (Fig. 6.111. First, separate heavy 
and light chain libraries were constructed m 
two different K phage vectors, each carr>inc 
a unique restriction endonuclcase site placed 
antisymmetrically. The combinatorial con- 
struct was generated by cutting DNAs iso- 
lated from light and heaw chain libraries at 
the antisymmetric endonuclcase site and rc- 
ioining the resulting phage arms. 

To construct heavy and light chain li- 
braries. mRNA was isolated from a mouse 
spleen that had been immunized with KLH- 
coupled p-nitrophenyl phosphonamidaie 
(NPN) antigen. The 3' primers of hca\y and 
Ueht chain were used to s>'nthesize cDNA 
copies of the Vh and V^. genes (Fig. 6.11). Am- 
plification of the immunoglobulin genes was 
carried out bv the pol>-merase chain reaction 
(PGR) technique using 3' primers and a bat- 
ten^ of 5- primers specific for the heavy and 
the light chain genes. The amplified se- 
quences were cloned in k expression vectors 
genetically entiineered for the expression ol 
heav-N- and light chain gene sequences. The 
vectors included genetic elements essential 
for expression and secretion ol the Fab frag- 
ments. 

All the libraries (the light, the heavy, 
and Fab combinatorial) were screened to de- 
termine whether they contained recombi- 
nani phage that expressed V^,. V,,. or Fab 
fragments. Screening was performed by lilt- 
ing phage plaques onto nitrocellulose (iltrrs 
and carrying out the filter binding assay, us- 
ing the appropriate probes. Antibody to k 
chain was used to screen plaques expressing 
U^ht chain. To facilivatc screening of the 
plaques expressing Fd (Vh-Ch1 I sequences, a 
sequence encoding a decapeptide was 
•stitched- into the heavy chain expression 
vector The availability of mAbs to this deca- 
peptide made it convenient to screen Fd ex- 
pressing plaques and to subsequently purily 
fusion protein bv iinmunoaffinity. Thus, the 
combinatorial librar>- was expressed in two 
steps First, separate heavy and liUhi chain 
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libraries were consirucicd in AHc2 and kLc\ 
vectors, respet iivcly. Then, these two librar- 
ies were combined at the an tisvin metric EcoRI 
sites present in each vector. This resulted in 
a librar>- of clones, each of which potentially 
coc.xpress a heavy and liuht chain. These ac- 
tual combinations are thus random and do 
not necessarily reflect the combinations pres- 
ent in B ceils of the parent spleen. Fhauc clones 
coe.x press in U the liuhi and hca\y chain Iraii- 
menis iFabs) were ideniificd by bindint; to 
tile \F\ antiticn coupled to '-'*l-lain'lcd bo- 
vine serum albumin (BSAl. Screening of one 
million phat>c plaques from the combinato- 
rial ltbrar\' identified appro.ximately 100 clones 
that bound antiiien (efficiency of 1 in 10.0001. 
Result int> clones were shown to be producinti 
if .e expected 50-kDa Fab protein. 

While the studies reported {2271 dem- 
onstrate thr feasibility of this approach, only 
further studies will define its potential for 
widespread applications in the development 
of novel murine and human niAbs. As dis- 
cus.scd. the size of the mammalian lu reper- 
toire is often approximated at 10" to lO" 
different aniigen specificities. There is no 
reason to assume that a similar or lariier phaiic 
combinatorial labrary cannot be con- 
structed. One poicniial advantage of the phaijc 



librar>- is that factors such as antificn toler- 
ance may restrict the expression of certain le 
specificities from the in vivo repertoire, but 
not the phat*e librar>-. This may be extremely 
important in the area of antitumor antibod- 
ies where the host may be tolerant to certain 
TAAs. Moreover, obtaining Fab fragments 
from a combinatorial librari* does not involve 
the tissue culture procedures necessan' for 
obiaininu mAbs from the in vivo librar\*. 
Studies are now oniioin^ to prepare a human 
l ombinaiorial libraiy. Finally, obtaininti mAbs 
Fahs of murine or human orii*in I'rom the 
phaiie combinatorial librar>' iiivcs one a de 
facto recombinant Ic fracment. which is ready 
for further licnetic manipulation such as de- 
scribed earlier in this chapter. 

It is thus anticipated that the mertjing 
of niAb immunochcniistr\' and molecular bi- 
olot^N' will now brinii us to an era of acceler- 
ated proiiress in niAb- based therapies. 
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Prostate-specific Membrane Antigen Expression in Normal and 
Malignant Human Tissues* 



David A. Silver, Inmaculada Pellicer, 
William R. Fair. Warren D. W. Heston, and 
Carlos Cordon-Cardo^ 

Urology Service. Dcpanment of Surgery [D. A.. W. R. F.. 
W D. W. H.] and Division of Molecular Pathology. Depanment of 
Pathology (I. P.. C. C. C], Memorial Sloan-Kenering Cancer Cenier. 
New York. New York 10021 

ABSTBLACT 

Prostate-specific membrane antigen is a type U mem- 
brane protein with folate hydrolase activity produced by 
prostatic epithelium. The expression of this molecule has 
also been documented in extraprostatic tissues, including 
smaU bowel and brain. In the present study, .an extensive 
immunohistochemical analysis was performed on a panel of 
well-characteriMd normal and malignant human tissues to 
further defme the pattern of prostate-specific membrane 
antigen (PSMA) expression. 

Detectable PSMA levels were identified in prostatic 
epithelium, duodenal mucosa, and a subset of proximal 
renal tubules. A subpopulation of neuroendocrine cells in 
the colonic crypts also exhibited PSMA immunoreactivity. 
AU other normal tissues, including cerebral cortex ^nd cer- 
ebeUum, had undetectable levels of PSMA. Thirty-three of 
35 primary prostate adenocarcinomas and 7 of 8 lymph 
node metastases displayed tumor ceU PSMA immuno- 
staming. Eight of 18 prosUte tumors metastatic to bone 
expressed PSMA. All of the other nonprostatic primary 
tumors studied had undetectable PSMA levels. However, 
intense staining was observed in endothelial cells of capillary 
vesseb in peritumoral and endotumoral areas of certain 
malignancies, including 8 of 17 renal cell carcinomas, 7 of 13 
transitional cell carcinomas, and 3 of 19 colon carcinomas. 

Extraprostatic PSMA expression appears to be highly 
restricted. Nevertheless, its diverse anatomical distribution 
implies a broader functional significance than previously 
suspected. The decrease in PSMA immunoreactivity noted 
in advanced prostate cancer suggests that expression of this 
molecule may be linked to the degree of tumor differentia- 
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tion. The neoexpression of PSMA in endothelial cells of 
capillary beds in certain tumors may be related to tumor 
angiogenesis and suggests a potential mechanism for specific 
targeting of tumor neovasculature. 

INTRODUCTION 

PSMA^ is a 100,000 type U membrane protein consist- 
ing of 750 amino acids (1.2). Although PSMA exhibits in vitro 
neuropeptidase activity (3). its function in vivo has not been 
fully elucidated. The PSMA gene is located on chromosome 1 1 
(4, 5). To date, two molecular forms of the protein, designated 
PSMA and PSMA', have been identified (6). Monoclonal anti- 
body 7E 1 1 -05 (designated C YT 35 1 ) recognizes an intracellular 
epitope of PSMA (7) and has been previously uulized for its 
immunochemical detection (6. 8). In addition, a radioimmuno- 
conjugate of the 7En-C5 antibody (designated CYT 356) is in 
use as an imaging agent for prostate tissues (7. 9-12). The 
clinical utility of PSMA as a marker for prostate disease de- 
pends on the pattern of its expression in vivo. An extensive 
immunohistochemical evaluation was performed to further char- 
acterize the pattern of PSMA expression in normal human 
tissues. A selected panel of primary and metasutic prostate 
carcinomas was also evaluated as well as a representative cohon 
of other epithelial malignancies, including renal cell carcinoma, 
bladder transitional cell carcinoma, and colon carcinoma. 

MATERIALS AND METHODS 

Tissues. Normal and neoplastic formalin -fixed, paraffin- 
embedded tissue samples were obtained from the Department of 
Pathology at the Memorial Sloan- Kettering Cancer Center. 
Thirty-five primary prosute adenocarcinoma specimens were 
evaluated as well as 8 metastases to lymph nodes and 18 
metastases to bone. Table 1 summarizes the clinical character- 
istics of these tumors in terms of pathological stage and prior 
treatment. Additional primary tumors included 17 renal cell 
carcinomas, 13 bladder transitional cell carcinomas, , and 19 
colon adenocarcinomas. 

Antibodies. Mouse monoclonal antibody CYT-351 
(clone 7E11-C5) (Cytogen. Princeton, NJ) was used as the 
primary antibody. This clone is derived from the original hy- 
bridoma reported by Horoszewicz et ai (7). Secondary antibod- 
ies consisted of biotinylated horse anti-mouse polyclonal IgG 
(Vector Laboratories, Inc., Burlingamc, CA). The proper con- 
centration of each reagent was determined by tiuation experi- 
ments prior to staining. 

Immunohistochemistry. An avidin-biotin peroxidase 
method was used. Sections were deparaffmizcd, and endoge- 
nous peroxidase activity was blocked in 1 .0 % hydrogen perox- 

This material is subject to the U.S. 
■ Copyright law; further reproduction in 
' violation of that law is ptohibitcd. 

^ The abbreviation used is: PSMA. prostate- specific membrane antigen. 
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Table I Prima r.- prnsiate lumon: stave and prior treatment 

ADT/ ADT/ ADT/RT/ 
Stasc ADT' RT Chemo RT Chemo Chemo None Touls 



Table 2 PSMA expression in normal tissues 



Tissue 



PSMA 



P.Nu 
P^Nu 



1 



35 



14 
14 

3 

6 8 
2 18 



"ADT. androgen deprivation therapy: RT. radiation therapy: 
Chemo. chemotherapy. 



ide in PBS for 15 min. Sections were immersed in boiling 0.01% 
citric acid {pH 6.0) for 15 niin to enhance antigen retrieval and 
allowed to cool. In some cases, endogenous bioiin was blocked 
with an avidin-bioiin blocking kit (Vector Laboratories). Nor- 
mal horse blocking senim (Organon Teknika Corp., West Ches- 
ter. PA) at a 1:10 dilution in 2% PBS-BSA (Sigma Chemical 
Co., St. Louis. MO) was applied for 30 min to mininiize back- 
ground staining. Primary antibody at 2 p-g/ml in 2% PBS/BSA 
was applied after suction removal of horse scrum, and sections 
were incubated overnight in a wet chamber at 4*C. Sections 
were washed and biotinylated secondary antibodies were ap- 
plied for 30 min (1:500 dilution). Sections were washed and 
avidin-biotin peroxidase complexes (Vector Laboratories) di- 
luted 1:25 in PBS were applied for 30 min. Sections were then 
immersed in a solution of 0.05% diaminobenzidine tetrachloride 
and 0.01% hydrogen peroxide in 0.5% Triton X-IOO-PBS to 
accomplish the chromogen reaction. After extensive washing, 
sections were countersiained with hematoxylin, dehydrated, and 
mounted. Cases were considered positive if at least 20% of the 
malignant component demonstrated immunoreaciivity. Positive 
control antibodies to normal antigen components present in 
specific cell types included CD45 (DAKO Corp., Carpinteria, 
CA) diluted 1:500 in 2% PBS-BSA and chromogranin (DAKO 
Corp.) diluted 1:20.000 in 2% PBS-BSA. Negative controls 
were conducted by substitution of primary antibodies with non- 
immune serum. 

RESULTS 

Table 2 summarizes immunoreactivities identified in the 
normal tissues studied. In normal and hyperplastic prostate 
glands, staining was either weak and luminal or absent. In 
several tissues, the immunohistochemical procedure routinely 
utilized was modified to include blocking of endogenous biotin 
to avoid false-positive reactions. Renal tubules, initially noted to 
display intense cytoplasmic staining, exhibited identical reac- 
tion patterns with class-matched primary antibody substitution 
and negative controls (Fig. la). Blocking of endogenous biotin 
abolished the background cytoplasmic staining and revealed 
immunoreactivity that was reproducibly restricted to a subset of 
proximal tubules (Fig. \b). A similar situation was encountered 
in the gastrointestinal tract, with intense staining of the duodenal 
and colonic mucosa. Blocking of endogenous biotin revealed 
persistent immunoreactivity limited to the duodenal brush bor- 
der (Fig. Ic). Rare cells in the deepest portions of the colonic 
crypts were immunoreactive (Fig. Irf); these had a morphology 
and distribution similar to those of chromogranin-positive cells 



Genitourinary organs 
Kidney 

Glomeruli 

Tubules 
Bladder 

Transitional epithelium 

Sroo-xh muscle 
Prosute 

Epithelium 

Stroma 
Testis 
Cervix 
Breast 

Digestive system 

Parocid 

Stomach 

Duodenum 

Ileum 

Colon 

Liver 

Pancreas 
Hematological system 

Lymph iKXle 

Bone marrow 
. Skin 
Skeletal muscle 
Endocrine organs 

Thyroid 

Adrenal 
Conex 
Medulla 

Pancreatic islets 
Nervous system 

Frontal cortex 

Cerebellum 

Eye 

Peripheral ganglion 



in serial sections (data not shown), implying a possible neuroen- 
docrine origin. 

Table 3 summarizes immunoreactivities identified in the 
tumors studied. Significant PSMA expression was detectable in 
33 of 35 primary prostate tumors. The pattern of staining varied 
with the degree of differentiation, with the most intense and 
homogeneous reactivity located at the luminal site of the glands 
in well-differentiated tumors (Fig. 2al Immunoreactivity was 
more heterogeneous in less well-differentiated lesions (Fig. 2^). 
Considerable heterogeneity of expression within the same tumor 
was noted in most cases. No immunoreactivity was present in 
prostatic stromal elements^ including blood vessels. 

Similarly, seven of eight prostate carcinomas metastatic to 
lymph nodes expressed detectable PSMA levels (Fig. 2f ). In the 
majority of cases, the staining pattern was reminiscent of that 
observed in pooriy differentiated primary tumors, without any 
noticeable subcellular orientation. In one case, pseudogtand 
formation was present with intense reactivity at the luminal site. 
Staining within a metastatic deposit was less heterogeneous than 
that in the primary tumors, with cells virtually all positive or all 
negative. Lymphoid elements did not exhibit immunoreactivir 
ties. The 18 osseous metastases of prostate cardnoma were . ^ 
divided between cases with and without detectable PSMA c^'^l^'M 
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/■Vi?. / PSMA expression in se- 
lected normal tissues. Granular 
cytoplasmic staining of epithelial 
cells of proximal renal tubules in 
nonbiotin-blocked tissue sections 
(at. Blocking of endogenous bio- 
lin removed the nonspecific cyto- 
plasmic staining and revealed a 
persistent immunoreaciivtiy re- 
stricted to the luminal site in a 
subset of proximal renal tubules 
(6). Bioiin-blocked section of du- 
odenum showed strong PSMA 
immunoreactivity at the mucosal 
brush border (f). PSMA immuno- 
staining of a neuroendocrine ceil 
in a colonic crypt id), a, b. and d, 
X400; c. x200. 



Table 3 PSMA expression in tumor tissues 



No. immunopositive 



Carcinoma 



Prostaie, primary 
Prosutc. metastatic 

Lymph node 

Bone 
Renal cell 

Bladder transitional cell 
Colon 



No. studied Tumor cells Neovasculaiity 

35 '■ 33 0 



8 

18 
17 
13 
19 



prcssion. The eight cases with immunostaining demonstrated 
considerable heterogeneity within each specimen (Fig. 2d). No 
staining of osseous or hematopoietic elements was observed. 

None of the 17 renal cell carcinomas, 13 bladder transi- 
tional ceU carcinomas, and 19 colon adenocarcinomas evaluated 
showed detectable PSMA levels in the tumor cells. Stromal 
components were simUarly negative, except for some blood 
vessels. Capillary endothelial ccU inmiunoreactivity restricted to 
the region of the tumor was noted in 8 of 17 renal cell carcino- 
mas (Fig. 3a). in 7 of 13 transitional cell carcinomas (Fig. 3i?), 
and in 3 of 19 colon tumors (Fig. 3, c and d). Capillaries located 
in normal tissue adjacent to the tumors were not immunorcac- 
live. Considerable heterogeneity of expression was evident, with 
virtually all peritumor capillaries positive in some cases and 
only a few capillaries positive in others. Blocking of endoge- 
nous bioiin did not change this result, and it was not seen in 
conuol sections utilizing a class- matched, primary antibody. 

DISCUSSION 

The present study is supportive of previous evaluations of 
PSMA expression in normal tissues, with several distinctions. 
Expression of PSMA by a subset of renal tubules cannot be 



regarded as aitifactual. since controls in biotin -blocked sections 
confirm this fmding. The idenufication of rare PSMA-express- 
ing cells in the colonic crypts represents a new finding. The 
morphology and immunohisiochemical characteristics of these 
cells indicate a neuroendocrine origin. The significance of this 
finding is not clear, but it parallels the recent report by Carter et 
al (3) of a carboxypcptidase involved in central nervous system 
gluiamate metabolism with remarkable homology to PSMA. 
The finding of PSMA expression in the duodenum is consistent 
with the previous detection of PSMA mRNA transcripts in small 
bowel (13) and of PSMA in small bowel protein extracts (14). 
Additionally, monoclonal antibody 7E11-C5 has recently been 
shown to precipitate a molecule with folate hydrolase activity 
from prosute carcinoma cell line extracts (15), a finding which 
parallels the known high level of folate hydrolase activity in 
duodenal mucosa. Folate hydrolase is a carhoxy peptidase and. 
like the brain enzyme, liberates glutamatc as a reaction product. 
The possible function of PSMA as a folate hydrolase in the 
duodenum and in the prostate is currently under investigation. 
PSMA mRNA transcripts were also identified in central nervous 
system (13). However, immunohistochemically detectable 
PSMA expression was not seen in either cerebral cortex or 
cerebellum in the present study. This may represent expression 
of the alternatively spliced molecular form of PSMA (PSMA') 
lacking the epitope recognized by 7E1 1-C5 or expression at a 
specific brainstem or gangionic locus not analyzed. 

The present study confirms results from previous analyses 
with respect to the immunohisiochemical detection of PSMA 
expression in primary and metastatic prostate cancer. Horosze- 
wicz et al (7) described immunoreactivity in frozen prostate 
tissues, including nine of nine normal prostates, nine of nine 
primary prostatic carcinomas, and two of two lymph node 
metastases. Lopes et at. (8) compared staining patterns of 
7E11-C5 and the radionuclide -labeled immunoconjugatc CYT- 
356 in frozen prostate tissues. They noted immunohisiochemical 
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Fiji. 2 PSMA expression in 
prosiatic carcinoma. Inicnse 
PSMA immunoreaciiviiy in the 
glandular epithelium iocaied 
mainly at the luminal site of a 
well -differentiated primary* tumor 
iai. More homogeneous cyto- 
plasm and membrane immuno- 
staining of a poorly differentiated 
primary tumor ibi. PSMA ex- 
pression by tumor cells of lymph 
node metastasis. Note the ab- 
sence of staining in lymphoid el- 
ements (c). Osseous metastasis 
showing a heterogeneous pattern 
of PSMA immunoreaciiviiy id), 
a-c. X200: d. X400. 




a. 



■1 




Fig. J PSMA expression by 
neovascular capillary endothelial 
cells in peritumoral areas of se- 
lected primary epithelial malig- 
nancies. Renal cell carcinoma (a), 
transitional cell carcinoma of the 
urinary bladder (6), and colonic 
adenocarcinoma (c and d). Note 
the intense immunostaining of 
endothelial cells, whereas tumor 
cells had undetectable PSMA lev- 
els, a and d. x400: and c, 
X200. 



V 



detection of PSMA by 7En-C5 in an unspecified number of 
normal prostates and in 10 primary prosiatic carcinomas. Wright 
et at. (9) found PSMA immunoreaciivity in all normal prosutes 
analyzed, 157 of 165 primary tumors, and 72 of 79 lymph node 
metastases. 

With respect to prostate cancer mctasutic to bone, Wright 
et at. (9) noted that all of the seven cases examined expressed 
PSMA. This is at variance with the current study, in which 
PSMA expression could be detected in only 8 of 18 osseous 
metastases (Table 2). This difference may be due to sample size 
or it may be related to the degree of differentiation and extensive 



prior treatment (androgen deprivation, radiation, chemotherapy) 
of the lesions analyzed. It is also possible that some bone 
metastases express the alternatively spliced form of PSMA 
(PSMA') lacking the epitope recognized by 7E1 1-C5. Addition- 
ally, although down-regulation of PSMA mRNA expression in 
response to androgen has been demonstrated in vitro, with the 
greatest expression noted at castrate levels of androgen (13), 
PSMA detection in the present study was lowest in the group of 
patients failing androgen deprivation. These patients represent 
those with tumor progression to osseous metastases despite 
hormonal manipulation. These findings support the hypothesis 
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that the inieraction of tumor with the metastatic site has an effect 
on tumor phenotypc (16). 

PSMA expression was not detected in a variety of primary 
epiiheliai tumors. The lack of PSMA in renal cell carcinomas is 
of interest, in view of its expression in a subset of proximal 
tubules, it is known that renal cell carcinomas, specifically clear 
cell and granular cell carcinomas, are derived from proximal 
epithelial cells. The undetectable PSMA levels in the renal cell 
carcinomas analyzed may be due to the loss of PSMA during 
malignant transformation. Alternatively, the lack of PSMA in 
the renal tumors studied may indicate that they are derived from 
cells not displaying the PSMA-positive phenotypc. Similarly, 
the cells which express PSMA in colonic crypts are of neuroen- 
docrine derivation. Since these cells are not the precursors of 
colonic adenocarcinomas, the lack of PSMA staining in tumor 
cells from these neoplasms is not unexpected. 

An important finding of the present study is the novel 
demonstration of PSMA expression by neovascular capillary 
endothelium in the peritumoral areas of a variety of epithelial 
malignancies. The significance of this finding in terms of the 
function of PSMA is presently unclear; however, it may have 
therapeutic implications. Humanized anti-PSMA antibodies 
could be used to deliver a variety of agents aimed at destroying 
neovasculaiure, ranging from conventional cellular toxins to 
peptide-based prodrug activators. Additionally, analysis with 
RNase protection techniques has demonstrated the presence of 
PSMA mRNA in both healthy and diseased prostate tissue (13). 
Further understanding of the PS^fA gene's control mechanisms 
may be useful in the development of promoter-driven gene 
therapy for both benign and malignant prostate diseases. 

In summary, PSMA appears to be highly expressed in 
normal prostate tissue as well as primary and nodally meta- 
static prostate cancer. In the present study, 40% of prostate 
cancers metastatic to bone expressed PSMA. Examination of 
normal tissues revealed PSMA expression in prostate epithe- 
lium, duodenal mucosa, a subset of renal tubules, and certain 
neuroendocrine cells in colonic crypts. Carcinomas arising in 
the bladder, kidney, and colon do not appear to express 
PSMA. PSMA expression by peritumor capillaries must be 
examined in other malignancies to establish the range of this 
phenomenon. « 
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CHARACTERIZATION AND GLUTAMYL PREFERRING 
CARBOXYPEPTIDASE FUNCTION OF PROSTATE SPECIFIC 
MEMBRANE ANTIGEN: A NOVEL FOLATE HYDROLASE 

WARREN D. W. HESTON 



ABSTRACT 

We have cloned the gene encoding the prostate-specific membrane (PSM) antigen, which is recognized by the 
7E1 lC-5 antibody. The antigen is strongly expressed in prostate cancer, and the antibody has been approved 
for use as an imaging agent for detection of prostatic cancer metastasis. The gene was unique and encoded a 
type II membrane protein. The only clue to its potential function was found in the cDNA coding sequences from 
1250 to 1700. which had a modest but significant homology with transferrin-receptor. demonstrating a 5A% 
homology of nucleic acid sequence. 

In comparing the mRNA obtained from normal prostate with that obtained from cancerous or lymph node car- 
cinoma of the prostate (LNCaP) cells, normal cells produced a shorter alternative spliced species that encoded 
a cytosolic form of the protein, and not a membrane protein. It appeared that, as the prostatic cells became 
cancerous, there was a nearly 100-fold difference in expression of the ratio of the messages encoding the 2 
forms, with the cytosolic form (PSM') predominant in normal cells and the membrane form (PSM] predominant 
in cancer celts. The other tissue in which the membrane antigen form of PSM is highly expressed is the membrane 
brush border of the small intestine of the proximal, but not distal, small intestine. This is the location of a unique 
membrane form of a folate hydrolase. This membrane folate hydrolase and its location are necessary in human 
nutrition because humans require folate, and the folate in foods is poly-gamma-glutamated. Polyglutamated 
folates cannot be taken into the cells by folate-transporter systems. The ability to take up folate from foods 
requires the membrane folate hydrolase to sequentially remove the gamma-linked glutamates. freeing folate that 
can then be transported. PSM antigen has a similiar folate hydrolase activity. 

Others have reported finding an enzyme in the rat brain that functions as an alpha-neurocarboxypeptidase and 
acts on the abundant brain peptide A/-acetylaspartylglutamate to generate glutamate and A/-acety [aspartate. The 
3'-end of the rat brain enzyme had 84% sequence homology with PSM antigen. Because this enzyme liberates 
glutamate in the brain, the enzyme is considered to have regulatory activity related to glutamate receptors. 
Current investigations are underway to determine whether glutamate receptors are present in prostate. 
Thus, PSM antigen is a unique folate hydrolase-carboxypeptidase that can release glutamate with either 
gamma- or alpha-linkage. Its enzymatic activity raises a number of questions for consideration. In the normal 
prostate where the protein is intracellular, is PSM' antigen keeping folate in nonglutamated forms? If so, 
folate should be able to readily diffuse out of prostate cells, making the prostate gland an organ at risk for 
localized folate deficiency and carcinogenesis. In prostate tumor cells, with the enzyme outside of the cell, 
can PSM antigen be used for the activation of cytotoxic prodrugs? © J 997 by Elsevier Science Inc. All rights 
reserved. UROLOGY 49 (SuppI 3A): 104- 11 2, 1997. 
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In this article, I will provide an overview of the 
discover)' of a function for prostate specific 
membrane (PSM) antigen. PSM antigen is a novel 
and highly expressed gene from the human pros- 
tate that is recognized by the mouse monoclonal 
antibody 7E11C-5. The cloning of this gene was 
accomplished using degenerate polymerase chain 
reaction (PGR) on an LNCaP cell cDNA hbrary 
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FIGURE 1 . The procedures used in the cloning of the prostate specific membrane antigen. 



after obtaining a sequence analysis of peptide frag- 
ments of PSM antigen. LNCaP cells are a human 
prostate cell line that maintains the known fea- 
tures of prostate cancer, especially the expression 
of biomarkers such as prostate specific antigen 
(PSA) and prostatic acid phosphatase (PAP). 

Horoszewicz and his colleagues were responsi- 
ble for the development of the unique cell line 
LNCaP.' Realizing the importance of being one of 
the first cell lines to maintain a high level of ex- 
pression of known prostate biomarkers, Horo- 
szewicz isolated the membranes from the LNCaP 
cells, injected them into Balb/c mice, and gener- 
ated a monoclonal antibody (7E11C-5). This an- 
tibody exhibited a striking specificity for human 
prostate tissue, be it normal, benign, or malig- 
nant/*^ The patent rights to this antibody were 
sold to the Cytogen Corp. (Princeton, NJ), which 
has focused on developing diagnostic imaging 
agents for cancer. Cytogen generously provided us 
with the 7E1 lC-5 monoclonal antibody for our re- 
search investigations. 

The monoclonal antibody exhibited a very de- 
sirable characteristic, that is, it had the ability to 
serve as a specific immunoprecipitating agent of 
PSM antigen after the antigen had been extracted 
in a soluble form from the LNCaP cell membranes 
with the aid of a nonionic detergent. Following 
immunoprecipitation, the PSM antigen was reso- 
lubilized and run on sodium dodecyl sulfate (SDS) 
gel electrophoresis, the 100-kDa protein segment 
extracted from the gel, proieolytically digested to 
smaller fragments, fractionated by HPLC, and the 



most pure fractions sequenced. These sequences 
could then be used to find the message encoding 
the gene from the LNCaP cDNA by degenerate 
PCR amplification, A Ll-kilobase (kb) band was 
found that possessed the sequences of the pre- 
dicted amino acids. The Ll-kb probe was used to 
identify the full-length clone 55A, which was 2.65 
kb in size. A graphical summar)' of the procedure 
used to clone the gene is outlined in Figure 1."* 

The sequence of the cDNA was unique. The 
2653-base pair PSM antigen cDNA predicted a 
750-amino acid protein sequence. Coding se- 
quences from 1250 to 1700 had modest homology 
with transferrin-receptor sequences and demon- 
strated a 54% homology of nucleic acid sequence 
overall^ Computer analysis of the sequence pre- 
dicted a protein that was a type 11 membrane pro- 
tein (Fig. 2). Type 11 membrane proteins are un- 
usual in their membrane orientation, in that the 
amino-terminus of the protein is intracellular and 
a fairly short sequence, while the extracellular por- 
tion contains a fairly large carboxyl-terminus, in 
this case a 19-amino acid intracellular region, a 24- 
amino acid membrane-spanning region, and a 
707-amino acid extracellular domain.^ In addition 
to the modest sequence homology with the trans- 
ferrin receptor, it should be noted thai the trans- 
ferrin receptor is also a type 11 membrane protein. 
In searching for the function of a gene, it was 
hoped that the sequence data would be related to 
other known genes thai have an established func- 
tion. Such was not the case for PSM antigen, as the 
sequence was totally unique except for the noted 



:261 CTCAAAAOOOCSCCOGArrTCCTT -23» 

CTCCTOGAOOCAGATCTTOCCT L I L I L I L I L U. lUiO ATTOgTTCACTOCACTCTACAAACA C l UL r t* IUm l OM 2MM:T 0Gt£XSX:*OCTirKXi ^^ - ijq 

ATGTa;AATCTCCTTCi«:GAAACCGACTCGaCTGTCOCCACCOCCCOCOa:aBCOCTOCC^ $0 

Mat Trp A*n L«u L«u Bl» GW Thr Aap S«r Al« V«l Ai« Thr Ala Arg Axg Pro Arc Tre L»u Cy Al< GIt Aim Lw Val L»m Al» Glj 30 

CXrrrcmCTCCTCOOCTTCCTCTTCOOGTajmATAAAATCCTCCAATGAAaCTACTAACATTACTCCAAAG lao 

Cly Ph« Ph« L»u Gly Ph« L«u ff>« GIt Tro Phm II* Ly* S«r S«r Asn Clu Al« Thr A*n Il« Thr Pro Ly« Bla Aan Hat Lya Ala iO 

TTT TTC CAT GAA TTG AAA err GW; AAC ATC AAC AAC TTC m TAT AAT m ACA CAC AIA OCA CAT nx (X> GG^ 270 

Ria Lau Aap CLu Lau Lya ALa Clu Aan I la Lya Ly« Vbm Lau Tyr A^n Ria Thr CUi II* Pro Si a L*u Ala Gly Thr Glu Gin Aan Pb* 90 

CAG err OCA AAC CAA Arr CAA TCC CAC TtB AAA GAA TTT COC CTC GAT TCT err GAC CTA OCA CAT TAT GAT CTC 360 

Gin Lau Ala Lya Gin Ua Gla Sar Gin Trp Lya CU Ri* Gly Lau A«p S«r Val Glu Lau Ala Bla Tyr Asp Val Lau Lau Sar Tyr Pro 120 

AAT AAC ACT CAT CCC AAC TAC ATC TCA ATA ATT AAT GAA GAT OQi AAT GAG Arr TTC AAC ACA TCA TTA TTT GAA CCA OCT CCT ODl 0^ «50 

Ayi Lya Thr Bis Pro Aan Tyr Ila Sar Ua tla Aso Glu Asp Gly Ass Glu Ila Rta Asp Thr S«r Lau Pba Clu Pro Pro Pro Pro Gly iso 

TAT GAA AAT GTT TCC GAT ATT CTA CCA CCT TTC ACT OCT TTC TCr CCT CAA OCA ATG CCA GAC GOC CUT CTA GTG TAT GTT AAC TAT OCA 340 

Tyr Glu Ayi Val Sar Asp Ila Val Pro Pro Ri* Sar Ala Vh* Sar Pro Gla Cly Hot Pro Clu Gly Asp Lau Val Tyr Val Asn Tyr Ala lao 

CCA ACT CAA GAC rrC TTT AAA TTC CJM COG CAC ATG AAA ATC AAT roe TCT OOC AAA ATT GTA ATT OOC ACJh TAT 00^ (30 

Arg Thr Glu Asp Pha Fha Lys Lau Glu Arg Asp Hat Lys Ila A^n Cys Sar Gly Ly> lis V«l Ila Ala Arg Tyr GLy Lys Val Fh* Arg 210 

OGAAATAACCrrAAAAATOOCCACCTGOCAOOGOCCAAAOGAGTCATTCTCTACTarGiACOCTOCTGACTACTrrOCTOCTOOSGTGA^ 720 

Gly Asn Lys Val Lys Asn Ala CLn Lau Ala Gly Ala Lys Cly Vsl Ila Lsu Tyr Sar Asp Pro Ala Asp Tyr Fha Ala Pro Gly Val Lys 240 

TCC TAT CCA GAT OGT TOG AAT CTT CCT GGA OCT OCT CnC CAC CCT GG» AAT ATC CTA AAT CTC AAT QGT OCA QGA QU: OCT CTC ACA OCA 910 

Sar Tyr Pro Asp Cly Trp Asn Lau Pro Gly Gly Gly Val Gin Arg Cly Asn Ila Lou Asn Lsu Asn Gly Als Gly Asp Pro Lsu Thr Pro 270 

GOT TAC CCA OCA AAT OAA TAT OCT TAT AOG COT OCA AH OCA GAG OCT GTT OCT CTT CCA ACT ATT CCT GTT CAT CCA ATT OGA TAC TAT 900 

Gly Tyr Fro Ala Aso Glu Tyr Ala Tyr Arg Arg Cly II* Als Glu Als Val Gly Lau Pro Sar Ila Pro Val Bis Pro lis Gly Tyr Tyr 300 

GATGCACACAACCTCCTAGAAAAAATCQGTOOCTCAOCAOCAOCAGATAaCAOCTtXSACAOGAACTCTCAAAOTGOOCTACAATm 990 

Asp Ala Clu Lys L«u Lau Clu Lys Hat Gly Cly Sar Ala Pro Pro Asp Sar Ssr Trp Arg Gly Sar Lau Lys Val Pro Tyr Asn Vsl Oly 330 

CCTOOCTTTACTOCAAACTTTTCTACACAAAAACTCAACATOCACATCCACTCTACCAATGAACTCACAAGAATTTACAATCTCATAOOT 1080 

Fro Gly Fh* Thr Gly A^n Fh* S*r Thr Gljt Lys Val Lya Hat Bis II* Bis S«r Thr Asn Clu Vsl Thr Arg II* Tyr Asn Vsl tl* Gly 3«0 

ACTCrCACAOCAOCACTGGAAOCAGACAaATATGTCAnCTGOaAOCTCACOacaACTCATaGOTGTTTOOTOGTATTGJkCCCT 1170 

Thr Lau Arg Cly Ala Vsl Glu Pro Asp Arg Tyr Vsl tl* Lau Gly Gly Bis Arg Asp Sar Trp Val Ph* Cly Cly II* Asp Pro Gin Sar 390 
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fi* *^ <^ "A <^ TCC ATA CTC CTC OCT TTT GAT TCT ^ GAT TAT 1800 

Ly* Tyr Bis Lsu Thr Val Ala Gin Val Arg Gly Gly Mat Val Fha Clu Lau Ala Asn Ssr Ila Val Lau Pro Fh* Asp Cys Arg Asp Tyr 600 

S^t P I*^ *^ *^ ^ *^ *** CCA CAC GAA ATC AAC AO^ TAC AGT CTA TC^ 1890 

Ai* Vsl Val L*u Arg Lys Tyr Ala Asp Lys U* Tyr Sar Ila Sar Hat Lys Bis Pro Gin Glu Hst Lys Thr Tyr Sar Vsl Ssr Pha Asp 630 

TCACTTmpKACTAAACAATmACACAAATTOCTTCCAACTTCACTGAGACAC^ IMO 
Ssr Lsu Ph* Sor Als Vsl Lys Ajp Ph* Thr Glu II* Ala Sar Lys Pha Sar Clu Arg Lau Cln Asp Fhs Asp Lys Ssr Asn Pro lis Vsl 660 

^ 9^ ^ *^<^ 'rn An 2070 

Lau Arg H*t n*t Asn Asp Gin Lsu Hst Ph* L*u Glu Arg Als Ph* II* Asp Pro L*u Cly L*u Pro Asp Arg Pro Ph* Tyr Arg Bis Vsl 690 
Ila Tyr Ala Pro Sar Sar Bis Asn Lys Tyr Als Cly Glu Sar Fhs Pro Gly lis Tyr Asp Als L«u Ph* Asp 11* Clu 3*r Lys Vsl Asp 720 

Pro Sar Lys Ala Trp Gly Glu Val Lys Arg Cln Us Tyr Vsl Als Als Pha Thr Vsl Cln Als Ala Als Clu Thr Lou S*r Glu Val Ala 730 
TAA GACGATTCTTTAGACAATCCCTATTGAATTTCTCTGCTATCTCACTCACAAAGAATanAATGOGTATArTGATAAArTTTAAAATTOCTATATTTC A^ 2368 
TATATAAAAAAAAAAAAAAAAAAA 2393 

FIGURE 2. The nucleotide sequence of the PSM antigen cDNA as well as the amino acid sequence of the encoded 
protein. 



small area of modest homology with the transfer- 
rin receptor. 

Because of the modest homology with the trans- 
ferrin receptor, it can be questioned whether PSVl 
antigen has properties like that of a transferrin 
transporter (Fig. 3). The intracellular amino-ter- 
minai region of the transferrin receptor contains 
an amino acid sequence, tyrosine threonine argi- 



nine phenylalanine, thai functions in enabling the 
internalization of the receptor after it binds iron- 
loaded transferrin. This internalization amino acid 
sequence is absent from the intracellular fraction 
of the PSM antigen, casting doubt on PSM antigen 
serving a transport function. Western blot analysis 
of the transferrin receptor suggests that it exists 
primarily as a dimer. The initial characterization 
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of PSM antigen in LNCaP cells would be more 
consistent with a monomeric form, although in 
prostate tissue extracts a larger molecular weight 
species has been observed and PSM antigen could 
possibly exist as a dimer. Regardless of how similar 
or dissimilar PSM antigen and the transferrin re- 
ceptor are, the question of whether PSM antigen 
will bind to transferrin or transferrin-like mole- 
cules has not been addressed and is currently un- 
der study. 

Could it be that the internalization sequence was 
missed because PSM antigen was isolated from a 
tumor cell and the tumor cell makes a different 
protein than the normal cell? Sequencing the 
cDNA generated from prostate tissue revealed that 
there was a difference at the 5' end, in the region 
of the amino-terminus where we would expect to 
see the internalization. However, examination of 
the difference did not provide a transferrin recep- 
tor- like internalization signal. Instead, normal tis- 
sue expressed an alternative spliced fragment 
smaller than that found in the LNCaP cells, which 



was designated PSM' antigen." Based on computer 
analysis of PSM' antigen's structure, the spliced 
variant found in normal tissue was likely to be a 
cvtosolic protein and definitely not a transport 
protein (Fig. 4). It was not possible to use the Cy- 
togen antibody (CYT- 356/7E1 ICo) to determine 
the relative expression of the alternatively spliced 
form by immunohistochemistr>- because the 
monoclonal antibody that was used in the initial 
cloning only recognizes the intracellular region of 
the PSM molecule (Fig. 4).' To circumvent the 
need for an antibody, an RNasc protection assay 
was used to distinguish between the two forms. 
The results of the RNase protection assay revealed 
that there was 5 times more PSM mRNA than 
PSM' mRNA expressed in RNA extracted from tu- 
mors, about equal expression of both forms in 
RNA extracted from benign prostatic hyperplasia 
(BPH) tissue, and one-fifth to one-tenth as much 
PSM as PSM' expressed in RNA extracted from 
normal prostatic tissue. Thus, not only were there 
alternatively spliced variants of the PSM antigen 
being produced, but it appeared that as the cells 
became cancerous, there was a nearly 100-fold dif- 
ference in expression of the ratio of the messages 
encoding the two forms.^ It is intriguing that this 
protein has such totally different locations be- 
tween normal and cancerous prostatic cells. This 
difference in cellular location has to have an im- 
pact on the functioning of this protein (Fig. 4). 

Another interesting aspect of the expression of 
this protein is that the mRNA encoding the mes- 
sage is upregulated by the absence of androgens. 
Indeed, androgens downregulate expression of the 
PSM message in the LNCaP cells.*" This obser\^a- 
tion was confirmed in patients, as Wright and col- 
leagues observed an increase in expression of PSM 
antigen in patient specimens following hormone 
deprivation by immunohistochemistr>'.' This con- 
trasts with PSA, which is downregulated in ex- 
pression by androgen deprivation. This empha- 
sizes the potential utility of PSM antigen as a 
marker even in patients who are androgen de- 
prived.' 

The question remains: what is the function of 
PSM antigen? Most type II membrane proteins are 
either transport proteins, binding proteins, or pro- 
teases/hydrolases. Transport proteins seemed not 
to be likely. In considering the potential activity 
of PSM antigen, consideration of its strong ex- 
pression in the proximal small intestine needed to 
be taken into account. Troyer et ai., using Western 
analysis with the 7E11C-5 antibody, observed that 
PSM was strongly expressed in the small intes- 
tine.^ IsraeU et al previously had observed a strong 
expression in RNA extracted from the small intes- 
tine.^ Silver et al performed immunohistochemi- 
cal analysis of tissues and found that PSM antigen 
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FIGURE 4. The proposed difference between the alternative spliced forms of PSM and PSM'. The region absent 
from PSM' is the omino-terminus fraction that would encode for o type II membrane protein. This amino-terminus 
region is recognized by the 7E I lC-5 monoclonal antibody. 



was strongly expressed in the brush border 
membrane of the proximal small intestine, but not 
in the distal small intestine.'' This location is con- 
sistent with a unique membrane hydrolase that re- 
leases the terminal gamma-linked glutamates from 
folate, folate hydrolase (Fig. 5).''^ Pinto ct al. found 
that LNCaP prostate cancer cells strongly express 
membrane folate hydrolase activity similar to that 
of the proximal intestinal unique brush border 
membrane folate hydrolase." Pinto and colleagues 
further demonstrated that they could immuno- 
[Hirifv this activity with the aid of the 7E11C-5 
antibodv. This raised the question of whether PSM 
antigen is membrane folate hydrolase, or whether 
the folate hydrolase activity was a contaminant 
carried into the immunoprecipitate. These inves- 
tigators then transfected PC-3 cells with PSM an- 
tigen. Only the cells transfected with the PSM an- 
tigen had the membrane folate hydrolase activity, 
proving that they are one and the same." 

Folates are normally polyglutamated following 
introduction into the cell. Polyglutamation serves 
10 trap the folate inside the cell. Polyglutamated 
forms of folate have been found to be the preferred 
substrate for most of the folate-requiring reactions 
with most demonstrating a higher affinity for the 
folate-requiring enzymes. Folate hydrolase would 
be expected to reverse the degree of polygluta- 
mation and permit the folate to be in a form that 
could easily diffuse out of the cell, putting the 
prostate at risk to become easily deficient in folate. 
Folate deficiencies are considered to have the po- 



tential to be carcinogenic.^- Of the folate-requiring 
enzymes, the enz\TTie methionine synthetase does 
not prefer the polyglutamated form as a substrate, 
and it may be thai in the prostate the folate hy- 
drolase ser\TS to keep the folate in a nonpolyglu- 
tamated form for use with methionine synthase. 
Methionine synthetase requires both folate and 
vitamin B-12 and generates methionine from ho- 
mocysteine. Folate is important in cell reactions 
invoh ing one carbon transfers. Methionine is im- 
portant for use in methylation reactions such as 
nucleic acid methylation and for polyamine syn- 
thesis.'""'"^ The potential interrelationships of 
these activities and folate hydrolase in the prostate 
arc being investigated. 

If it is established that the folate found in prostate 
cells is not polyglutamated because of PSM' folate 
hydrolase activity, and that the prostate is suscep- 
tible to microenvironmenial folate deficiencies, it 
could provide a rationale as to why there is such a 
high worldwide incidence of microscopic or inci- 
dental carcinoma of the prostate. Would folate sup- 
plementation reduce the incidence of microfocal 
prostate cancers? In cancer, the ratio of PSM' to 
PSM antigen changes so that more ol the mRNA 
codes for the expression of the membrane-bound 
form in which the enzymatic activity would be out- 
side of the cell. Is this ser\^ing to act as a binding 
protein for folate to tr>' and help capture circulating 
folate? Is the membrane antigen helping to retrieve 
polygammaglutamated folate from surrounding 
dead and dying cells? 



108 



UROLOGY 49 (Supplement 3A). March 1997 



Dietary Folate Must Be Digested 




Pteroylpentaglutamate 



Pteridine p-Aminobenzoate Glutamic Acid 

OH / O COOH y 

Nf^^^ N CH 2 -N-(0 )- C-NH-CH-CH 2 -CH 2 -C= O 1 



i t 



H^N'^^N "^N^ Folic Acid 



Folate Hydrolase 



\ COOH 








NH-CH-CH2 


-CH2 


-C= 


0 


1 COOH 








NH-CH-CH2 


-CH2 


-C= 


0 


1 COOH 








NH-CH-CH2 


-CH2 


-c= 

I 


0 


\ COOH 








NH-CH-CH2 


-CH2 


-c= 


0 



FIGURE 5. Diogramatic depiction of the absorption of polygammaglutamated folates from food and the structure 
of polygammaglutamated folates and arrows pointing to the site of hydrolytic action of the novel brush border 
membrane bound folate hydrolase. 



Either an increase in intracellular folate hydro- 
lase or a decrease in folate polygammaglutamyl 
synthetase activity or both are associated with 
methotrexate resistance. This resistance to meth- 
otrexate occurs because methotrexate needs to be 
polygammaglutamated to be retained by cells to be 
active, just like folate. The ratio of expression of 
PSM and PSM' would be important for methotrex- 
ate retention. The flip side of this is that in cancer 
there is increased expression of PSM folate hydro- 
lase outside of the cell. Thus, the enzymatic por- 



tion of PSM antigen is outside the cell and in a 
position that it could act on prodrugs, that is, poly- 
glutamated therapeutic agents that otherwise can- 
not be transported into the cell. PSM antigen 
would remove the polyglutamates that would al- 
low the drug to be transported into the cell. Con- 
sideration of these activities of PSM antigen should 
be useful in designing therapeutic strategies for 
metastatic prostatic cancer. 

Adding to the uniqueness of the enzymatic func- 
tion of PSM antigen. Carter and coworkers discov- 



crcd lhai a ncurocarboxypcpiidasc enzyme ihcy 
isolated from ihc rai brain had an 86So homolog\ 
wiih bases 1 106 lo 2534 of ihc coding region of 
the PSM gcnc.'"^ The substrate for their neurocar- 
boxypepiidase was iV-acetylaspartylgluiamic acid 
(NAAG), and they called the rat enzyme N.AA- 
LADase. for \-acetylated alpha-linked acidic di- 
peptidase. These investigators found that LNCaP 
cells strongly expressed NAALADase actiWiy.'"* In 
the brain. .V- acetylaspartylglutamate is a potential 
neurotransmitter substance that may act at gluta- 
mate exciiator)- amino acid receptors either di- 
rectly or following the hydrolysis of NAAG with 
the concomitant release of glutamic acid (Fig. 6). 

It is unclear that the neurodipeptide NAAG ex- 
ists in the prostate. Further, Pinto and coworkers 
found thai the folate analogs had a much higher 
affinity for PSM antigen and thus are likely the 
preferred substrate. On the other hand, glutamate 
is found in high concentrations in the seminal 
plasma. However, glutamate would not be consid- 
ered to have a neural-type role in the prostate as 
glutamate receptors are restricted to. and most 
strongly expressed in, the central nervous system 
(CNS). In the CNS, the blood-brain barrier ser\'es 
to keep the concentration of glutamate relatively 
low. Interestingly, it was obsen'ed that the prostate 
expresses glutamate ion channel receptors in the 
stroma and basal cells. Indeed, there may be ad- 
ditional glutamate receptors present, as only 
antiGLU 2/3 and antiGLU 4 antibodies were used 
in the initial report.'^ How^ever. a cautionar\' view 
toward prostatic glutamate receptors is required 
because the results of the detection of glutamate 
receptors has been accomplished only by immu- 
nohistochemistr\' with polyclonal antibodies. 
Confirmation by other methods is required. The 
presence of glutamate receptors and an enzyme in- 
volved in dipeptidase activity relevant for gluta- 
mate-receptor function may be more than a coin- 
cidence, but it remains to be proven that such is 
the case. 

It should be noted that the prostate exhibits 
many neuronal characteristics in its expressed pro- 
teins and receptors. In the prostate, there is a cell 
subset population with neuroendocrine features 
that makes a number of neuropeptide hormones. 
Their function is not clear. Neuroendocrine cells 
may represent a pathway from stem cell to differ- 
entiated cell and may be differentiated end cells. 
In neuroendocrine tumors, the secretion into the 
media of neuropeptides, such as neurotensin, en- 
dothelin, gastrin, and angiotensin, can result in an 
autocrine-growth signal. Some neuroendocrine 
cells attenuate autocrine-signal activation by the 
action of cell-surface peptidases. One such cell- 
surface peptidase with broad ability to inactivate 
neuroendocrine peptides is neutral endopeptidase 
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FIGURE 6. Structural representation of the neuropep- 
tide N'Ocetytaspartylglutamate (NAAC) with the arrow 
demonstrating the site of hydrolysis by rat brain NAA- 
LADase or by PSM antigen. 



(NEP). NEP has been found to be absent in hor- 
mone-independent tumors, such as PC-3, and 
such cells have been found to be stimulated by 
neuropeptides.'' In LNCaP cells, androgens were 
found to upregulate the expression of this enzyme, 
while the absence of androgens was found to de- 
crease the amount of NEP on the cell surface. Thus 
for NEP, it is easy to see how^ loss of its function 
could result in tumor progression to an androgen- 
independent phenotype.'' The activity of PSM an- 
tigen as a regulator of neuroendocrine function 
and growth of these cells is more difficult to dis- 
cern. If the result of cleavage by cell-surface pro- 
teases active on the surface yields a carboxy- ter- 
minal acidic amino acid, then PSM would serve to 
activate or inactivate such a signal, depending on 
the activity of the carboxyl (-1) peptide. Investi- 
gations arc currently underway to determine if 
there are possible neuroendocrine or other pep- 
tide/protein substrates for PSM antigen. 

CONCLUSIONS 

PSM antigen appears to be a potential diagnostic 
and therapeutic target for a number of reasons. Its 
expression is upregulated in prostate cancer and it 
has a fairly restricted expression, being found pri- 
marily in the prostate and proximal small intes- 
tine. It is expressed strongly in primary prostatic 
tumors and in the majority of disease metastatic to 
the lymph nodes or to the bone. The original an- 
tibody has had success as an imaging agent for 
locating the site of tumor, in patients with rising 
PSA values following radical prostatectomy, and is 
currently approved for these uses. However, as an 
imaging agent, it recognizes an intracellular region 
of the PSM molecule. The development of second- 
generation antibodies should be better able to bind 
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to the extracellular fraction of the molecule and 
should be more useful for imaging or therapeutic 
targeting. Such second-generation antibodies arc 
already being developed, and initial reports have 
appeared in the literature."^ 

PSM antigen has been found to have activity as 
a unique membrane folate ganimaglutamyl hydro- 
lase. In the normal prostate. PSM' appears to pre- 
dominate and is Ukely to be a cytosolic protein. 
This mav cause the prostate to be an organ at risk 
for the development of folate-deficicni states and 
to the induction of cancer. In cancer. PSM pre- 
dominates, and as the enzyme is outside the cell, 
mav provide an enzymatic activity that can be used 
to activate prodrugs that could be toxic to meta- 
static prostate tumor cells. PSM antigen is a unique 
hvdrolase in that it also attacks alpha-linked glu- 
tamaies with activity on the proposed neurotrans- 
mitter N- acetylaspariylgluiamate. In the CNS, glu- 
tamate is considered to be a major 
neurotransmitter, with multiple forms of ionic and 
metabotropic glutamate receptors having been 
identified. In the prostate, there are neuroendo- 
crine, 5ecreior>', and smooth muscle cells; their 
function with' respect to glutamate, polygluta- 
mated folate, or neuropeptides, and PSM antigen 
is currently unknown and requires further inves- 
tigation. 

Because of the tissue-specific, high-level expres- 
sion of PSM, it may be possible to use the PSM- 
promoter region as part of a genetic vector for 
gene-specific activation of aniiprostatic cancer 
therapies. An additional way to achieve specificity 
would be via immune activation. Peptides of PSM 
antigen have been observ'ed to activate cytotoxic 
T-cell recognition.*" PSM antigen linked to an im- 
munoadjuvant could also potentially serve to in- 
duce antiprosiate immunity in a fashion similar to 
those studies currently underway for PSA, As an 
immune target, PSM could either be used by itself 
or as part of a therapeutic vaccine cocktail. Thus, 
there are a number of potential uses of PSM as a 
diagnostic and therapeutic target in patients with 
prostatic cancer. 

QUESTION AND ANSWER SECTION 

Dr. William R. Fair: Mike, do you have any com- 
ments on probasin promoters or anything like 
that? 

Dr. L. Michael Glode: No. The main question 1 
have is whether you have had a chance to look at 
the restriction of activity in the transgenic model, 
in terms of using the promoter with some reporter 

Dr. Waren D.W. Heston: You mean m animals f 
We are presently undertaking that. We have not 
done that because it has not been totally clear ex- 



actlv where the start side is on the PSM promoter. 
Wc'have some activity here that has been encour- 
aging, but there have been a couple of little 
gfiiches that we want to make sure are toialh 
ironed out. 

Dr. Glode: It would be ver\- intriguing to sec if you 

could do the same thing that has been done with 

probasin in terms of the transgenic line. They have 

developed prostate cancer that looks really very 

interesting. 

Dr. Heston: E.xactly. 

Dr. Glode: Of course, you might get duodenal tu- 
mors or brain tumors. 

Dr. Heston: That is true. We do not know. That 
is e.xacilv where transgenic animal models have 
been ver\- useful. We are heading in that direction. 
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ABSTRACT 

We have recenUy cloned a 2.65*kilobase complementary DNA (cDNA) 
encudtdg the prosute-specific membrane antigen (PSM) recognized by the 
7EI I -CS J anti-prostate monodonal antibody. Immunohistochemical 
analysis of the LNCaP, DU-145, and PC -3 prostate cancer cell lines for 
PSM expression using the 7EII-C5J antU>ody reveals intense staining in 
the LNCaP cells with no detectable expression in both the DU-I4S and 
pC'3 cells. Coupled in vitro transcription/translation of the 2.65-kilubase 
full-tcngth PSM cDNA yields an 84,000 protein corresponding to the 
predicted polypeptide molecular weight of PSM. Posttranslational modi- 
fication of this protein with pancreatic canine microsomes yields the 
expected Af, 100,000 PSM antigen. Following transfection of PC-3 cells 
with the full-length PSM cDNA in a eukarjotic expression vector^ we 
detect expression of the PSM glycoprotein by Western analysis using the 
7En-C5J monoclonal antibody. Ribonuclease proUctton analysis dem- 
onstrates that the expression of PSM mRNA is almost entirely prostate 
specific in human tissues. PSM expression appears to be highest in hor- 
mone-deprived states and is hormonal ly modulated by steroids, with 
S-a-dihydrotestosteronc down-regulating PSM expression in the human 
prostate cancer cell line LNCaP by 8-lO-fold, testosterone down-regulat- 
ini; PSM by ^4-fold, and corticosteroids showing no significant effect. 
Norma! and malignant prostatic tissues consistently show high PSM ex- 
pression, whereas we have noted heterogeneous, and at times absent, 
expression of PSM in benign prusUlic hyperplasia. LNCaP tumors im- 
planted and grown both orthotopically and s.c. in nude mice abundantly 
express PSM, providing an excellent in vivo model system to study the 
regulation and modulation of PSM expression. 



biomarkcrs, PSA, PAP, and PSM. The cells possess an aneuploid 
male karyotype with a Y chromosome, express a high affinity andro- 
gen receptor, and are hormonally responsive to both testosterone and 
DHT Because PSM appears to be a transmembrane glycoprotein, it is 
considered an attractive target for both antibody-directed imaging and 
targeting of prostatic tumor deposits (6). In this paper, we demonstrate 
expression of PSM protein in LNCaP cell membranes and in PC-3 
cells transfccted with PSM cDNA. In addition, wc report the charac- 
terization of PSM mRNA expression in human tissues and in response 
to steroid hormones. 



INTRODUCTION 

Prostate cancer js among the most significant medical problems in 
the' United States because the disease is now the most ct>mmon 
malignancy diagnosed in American males. In 1992, there were over 
132,0(M) new cases of prostate cancer detected with over 36,000 
deaths attributable to the disease, representing a 17.3% increase over 
4 years (1). Five-year survival rates for patients with prostate cancer 
range from 88% for those with localized disease to 29% for those with 
metastatic disease. The rapid increase in the number of cases appears 
V) result in part from an increase in disease awareness as well as the 
widespread use of clinical markers such as the secreted proteins PSA 
and PAP (2). We have recently reported the molecular cloning, from 
the human prostatic adenocarcinoma cell line LNCaP, of a comple- 
mentary DNA encoding a 100.000 prostate-specific membrane 
glycoprotein (3), recognized by the anti-prostate monoclonal antibody 
7En-C5,3 (4). The LNCaP cell line was derived from a supraclavic- 
ular lymph node of a patient with hormone-refractory prostate cancer 
(5). Currently, LNCaP cells provide the best in vitro model system to 
study human prostate cancer since they produce all three prostatic 
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MATERIALS AND METHODS 

Cells and Reagents. The LNCaP, DU-145, and PC-3 cell lines were 
obtained from ihc American Type Culture Collection. Details regarding the 
establishment and characteristics of these cell lines have been published 
previously (5. 7, 8). Unless specified otherwise. LNCaP cells wcrc grown in 
RPMI 164() supplemented with L-glutaminc. nonessential amino acid.s, and 5% 
fetal calf scrum (Gibco-BRL, Gailhersburg. MD) in a COj incubator at 37*C 
DU-145 and PC-3 cells wcrc grown in minimal essential medium supple- 
mented with 1(1% fetal calf scrum. AH cell media were obtained from the 
MSKCC media preparation facility. Restriction and modifying enzymes were 
purchased from Gibco-BRL unless otherwise specincd. The modified 7EI1- 
C5.3 anti-PS M monoclonal antibody CYT-356 was provided by the Cylogen 
Corporation, Princeton. NJ. All other chemical reagents wcrc of the highest 
grade possible and were obtained from Sigma Chemical Company, St. Louis, 
MO. 

Immunohistochemical Detection of PSM. We used the avidin-bidtin 
method of detection to analyze prostate cancer cell lines for PSM antigen 
expression (9). Cell cytospins were made on glass slides using 5 X ICT* 
cells/ 1 tX) fil per slide. Slides were washed twice with phosphate-buffered 
saline and then incubated with the appropriate blocking scrum for 20 min. The 
blocking scrum was drained off, and the cells wcrc incubated with diluted 
7En-C5.3 (5 >ig/ml) monoclonal antibody for 1 h. Samples were then washed 
with phosphate-buffered saline and sequentially incubated with .«wcondary 
antibodies for 30 min and with avidin-bioiin complexes for 30 min. Di amino- 
benzidine served as our chromogen and color development followed by he- 
matoxylin countcrslaining and mounting. Duplicate cell cytospins were used as 
controls for each experiment. As a positive control, the anti-cylokcratin mono- 
clonal antibody CAM 5.2 was used following the same procedure described 
above. Human EJ bladder carcinoma cells served as a negative control. 

In Vitro Transcription/Translation of PSM Antigen. Plasmid 55 A con- 
taining the full-length 2,65-kiIobasc PSM cDNA in the plasmid pSPORT I 
(Gibco-BRL) was transcribed in vitro using the Promcga TNT system (Pro- 
mega Corp., Madison, WI). T7 RNA polymerase was added to the cDNA in a 
reaction mixture containing rabbit reticulocyte lysate, an amino acid mixture 
lacking methionine, buffer, and ["Slmcthioninc (Amersham. Arlington 
Heights, IL), and incubated al 30*C for 90 min, Posttranslational modification 
of the resulting protein was accomplished by the addition of pancreatic canine 
microsomes into the reaction mixture (Pcomcga Corp.). Protein products were 
analyzed by electrophoresis on 10% sodium dodccyl sul fate-poly aery la midc 
gel electrophoresis gels which were subscqucnUy treated with Amplify auto- 
radiography enhancer (Amersham) according to the manufacturers instructions 
and dried at SOX in a vacuum dryer. Gels were autoradiographed overnight at 
-70''C using Hypcrfilm MP (Amersham). 

Transfection of PSM Into PC-3 Cells. The full-length PSM cDNA was 
subcioncd into the pREP7 cukaryotic expression vector (Invitrogcn. San 
Diego, CA). Plasmid DNA was purified from transformed DH5-a bactena 
(Gibco-BRL) using Qiagen maxi-prcp plasmid isolation columns (Qiagen, 
Inc. Chatswonh, CA). Purified plasmid DNA (6-10 fig) was diluted with 900 
^l of Optimcm media (Gibco-BRL) and mixed with 30 of Upofectin 
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reagent (Gibco-BRL) which had been previously diluted with 900 of 
Optimem media. This mixture was added to T-75 flasks of 40-50% connuent 
PC-3 cells in Optimem media. After 24-36 h, cells were trypsinized and split 
into 100-mm dishes containing RPMI 1640 supplemented with 10% fetal calf 
scrum and 1 mg/ml of Hygromycin B (Calbiochem, La Jolla, CA). The dose 
of Hygromycin B used was determined previously by a time course/dose 
response cytotoxicity assay. Cells were maintained in (his media for 2-3 weeks 
with changes of media and Hygromycin B every 4-5 days until discrete 
colonies appeared. Colonics were isolated using 6-mm cloning cylinders and 
expanded in the same media. As a control. PC-3 cells were also transfcctod 
with the pREP7 plasmid alone. RNA was isolated from the transfeaed ceils, 
and PSM mRNA expression was delected by both RNase proteaion analysis 
(described later) and by Northern analysis. 

Western Blot Detection of PSM Expression. Crude protein fysatcs were 
isolated from LNCaP, PC-3, and PSM-iransfccied PC-3 cells as described 
previously <10). LNCaP eel! membranes were also isolated according to 
published methods (10). Protein concentrations were quaniitaied by the Brad- 
ford method using the Bio-Rad protein reagent kit (Bio-Rad. Richmond, CA). 
Following dcnaiuration> 20 of protein was elcctrophbrcsed on a 10% 
sodium dodecyl sulfatc-polyacrylamidc gel electrophoresis gel ai 25 mA for 4 
h. Gels were clectroblotted onto Immobilon P membranes (Mi II iporc, Bedford, 
MA) overnight at 4'*C. Membranes were blocked in 0.15 M NaCI-0.01 M TS 
plus 5% bovine scrum albumin followed by a 1-h incubation with 7E11-C5.3 
monoclonal antibody (10 ;ig/ml). Blots were washed 4 times with 0.15 m 
NaCl-0.01 M TS-0.05%TS-X and incubated for I h with rabbit anti-mouse IgG 
(Accurate Scientific, Westbury, NY) at a concentration of 10 ^g/m\. Blots 
were then washed 4 times with TS-X and labeled with '^1-Protein A (Amer- 
sham) at a concentration of 1 million cpm/ml. Blots were then washed 4 times 
with TS-X and dried on Whatman 3MM paper, followed by overnight auto- 
radiography at -70"C using Hypcrfilm MP (Amereham). 

Orthotopic and s.c. LNCaP Tumor Growth in Nude Mice. LNCaP cells 
were harvested from subconflucnt cultures by a I-min exposure to a solution 
of 0.25% trypsin and 0.02% EDTA. Cells were resuspended in RPMI 1640 
with 5% fetal bovine serum and washed and diluted in either Matrigel (Col- 
laborative Biomedical Products, Bedford, MA) or calcium and magnesium- 
free Hank's balanced salt solution. Only single cell suspensions with greater 
than 90% viability by trypan blue exclusion were used for in vivo injection. 
Male athymic Swiss (nu/tiu) nude mice 4-6 weeks of age were obtained from 
the MSKCC animal facility. For s.c. tumor cell injection, one million LNCaP 
cells resuspended in 0.2 ml of Matrigel were injected into the hindlimb of each 
mouse using a disposable syringe fitted with a 28-gauge needle. For orthotopic 
injection, mice were first anesthetized with an i.p. injection of pentobarbitol 
and placed in the supine position. The abdomen was cleansed with Bctadine, 
and the prostate was exposed through a midline incision. LNCaP tumor cells 
(2.5 million) in 0.1 ml were injected directly into cither ventral lobe using a 
1-ml disposable syringe and a 28-gaugc needle. LNCaP ceils with and without 
Matrigel were injected. Abdominal closure was achieved in one layer using 
Autoclip wound clips (Clay Adams, Parsippany, NJ). Tumors were harvested 
in 6-8 weeks, confirmed histologically by faculty of the MSKCC Pathology 
Department, and frozen in liquid nitrogen for subsequent RNA isolation. 

RNA Isolation. Total cellular RNA was isolated from cells and tissues by 
standard techniques (11, 12) as well as by using RNazol B (Cinna/Biotecx, 
Houston, TX). RNA concentrations and quality were assessed by UV spec- 
troscopy on a Beckman DU 640 spectrophotometer and by gel analysis. 
Human tissue total RNA samples were purchased from Clontcch Laboratories, 
Inc., Palo Alto, CA, 

Kibonuclease Protection Assays. A portion of the PSM cDNA was sub- 
cloned into the plasmid vector pSPORT 1 (Gibco-BRL), and the orientation of 
the cDNA insert relative to the flanking T7 and SP6 RNA polymerase pro- 
moters was verified by restriction analysis. Linearization of this plasmid 
upstream of the PSM insert followed by transcription with SP6 RNA poly- 
merase yields a 400-nucleotidc antisensc RNA probe, of which 350 nucleotides 
should be protected from RNase digestion by PSM RNA. This probe was used 
in Fig. 4. Plasmid IN-20 containing a 1-kilobasc partial PSM cDNA in the 
plasmid pCR II (Inviirogen) was also used for riboprobe synthesis. IN-20 
linearized with Xmnl (Gibco-BRL) yields a 298 nucleotide antisense RNA 
probe when transcribed using SP6 RNA polymerase, of which 260 nucleotides 
should be protected from RNase digestion by PSM mRNA. This probe was 
used in Figs. 5 and 6. Probes were synthesized using SP6 RNA polymerase 



(Gibco-BRL), rNTPs (Gibco-BRL), RNAsin (Promega). and ["PlrCTP fxrcv 
Wilmington. DE) according to published protocols (13). Probes were n . r 
over NENSORB 20 purification columns (NEN), and approximately l^u"^ 
cpm of purified, radiolabeled PSM probe was mixed with 10 ^g of each 
and hybridized overnight at 45^C using buffers and reagents from the Rpa 
kit (Ambion, Austin. TX). Samples were proces.sed as per manufactul" 
instniciions and analyzed on 5% polyacrylamidc/7 m urea denaturing 
using Seq ACRYL reagents (ISS. Natick, MA.). Gels were preheated to sf? 
and run for approximately 1-2 h at 25 watts. Gels were then fixed for 30 ^ 
in 10% methanol- 10% acetic acid, dried onto Whatman 3MM paper at 80'^ 
a Bio-Rad vacuum dryer, and auCoradiographed overnight with Hypcrfilm Jp 
(Amersham). Quantitation of PSM expression was determined by usin 
scanning laser densitometer (LKB, Piscataway, NJ). * * 

Steroid Modulation Experiment. LNCaP cells (2 million) were phteH 
onto T-75 na.sks in RPMl 1640 supplemented with 5% fetal calf seruin 
grown 24 h until approximately 30-40% confiucnt. Flasks were then washed 
several times with phosphate-buffered saline, and RPMI supplemented with 
5% charcoal-cxiractcd .scrum was added. Cells were then grown for another 24 
h. at which time dihydrotestcronc, icslostcrone, estradiol, progesterone, and 
dcxamethasonc (Sicraloids. Inc., Wilton, NM) were added at a final conccn- 
iration of 2 nM. Cells were grown for another 24 h, and RNA was then 
harvested as described previously; PSM expression was analyzed by ribonu- 
ctea.se protection analysis. 

RESULTS 

Immunohistochemical Detection of PSM, Using the 7EU-C5.3 
anti-PSM monoclonal antibody, PSM expre.<ision is clearly detectable 
in the LNCaP prostate cancer cell line but not in the PC-3 and DU-145 
cell lines (Fig. 1) in agreement with results published previously (4). 

In Vitro Transcription/Translation of PSM Antigen. As shown 
in Fig. 2. coupled in vitro transcription/translation of the 2,65-kilobase 
full-length PSM cDNA yields a 75,0(K)- 80.000 protein species io 
agreement with the expected protein product from the 750-amino acid 
PSM open reading frame. We have not investigated the reason for the 
two bands seen in the first lane. This may represent proteolytic 
degradation. Following posttranslational modification using pancre- 
atic canine microsomes, the major band observed is a Af, 100,000- 
110,000 glycosylated protein species consistent with the mature, 
native PSM antigen. 

Detection of PSM Antigen in LNCaP Cell Membranes and 
Transfected PC-3 Cells. PC-3 cells transfected with the full-length 
PSM cDNA in the pREP? expression vector were assayed for expres- 
sion of PSM mRNA by Northern analysis (data not shown). A clone 
with high PSM mRNA expression was selected for PSM antigen 
analysis by Western blotting using the 7E11-C5.3 antibody. In Fig. 3. 
the M, 100,000 PSM antigen is well expressed in LNC:^P membrane 
fractions and crude ceil lysate (Fig. 3, Lanes J and 2) as well as in 
PSM-transfccted PC-3 cells (Fig. 3. Lane 4) but not in native PC-3 
cells (Fig. 3. Lane 3), This, detectable expression in the transfected 
PC-3 cells (Fig. 3. Lane 4) proves that the previously cloned 2.65- 
kilobase PSM cDNA encodes the antigen recognized by the 7E11- 
C5.3 anti-prostate monoclonal antibody and that the antigen is being 
appropriately glycosylated in the PC-3 cells since the antibody rec- 
ognizes a carbohydrate-containing epitope on PSM. 

PSM mRNA Expression. Expression of PSM mRNA in normal 
human tissues was analyzed using rlbonuctease protection assays. 
Tissue expression of PSM appears predominantly within the prostate, 
with very low levels of expression detectable in human brain and 
salivary gland (Fig. 4). We have also noted on occasion detectable 
PSM expression in normal human small intestine tissue; however, this 
mRNA expression is variable depending upon the specific riboprobe 
used (data not shown). All samples of normal human prostate and 
human prostatic adenocarcinoma assayed (n 18) have revealed 
clearly detectable PSM expression, whereas we have noted generally 
decreased or absent expression of PSM in tissues exhibiting benign 
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7 days with similar results; maximal down-regulation of PSM mRNA 
was seen with DHT ai 24 h at doses of 2r-20 om (data not shown). A 
separate RNase protection assay was performed using a human acidic 
ribosomal phosphoprotein PO probe (15) in the same reaction as the 
PSM probe. It was noted that the expression of the PO mRNA was not 
affected by steroid treatment, whereas the changes in PSM expression 
were identical to those in Fig. 6 (data not shown). 

DISCUSSION 

In order to better understand the biology of the human prostate in 
both normal and neoplastic states, we need to enhance our knowledge 



nmuoohistochemical detection of PSM antigen expression in pfoiute cell 
met reveaJs unifonniy high level of expression in LNCaP cells; middle and 
V, DU-145 and PC-3 ceils, respectively (both negative). 
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Fig. 2. Autoradtogram of protein gel revealing products of PSM coupled in vitro 
transcription/translatioo. Nonglycosylated PSM polypeptide Is seen st appruxtmately 
Mr 75,000-80,000 (Lane /), and PSM glycoprotein synthesized following the addition 
of raicrosoroes is seen at Af, 100,000-1 10,000 (Lane 2). 
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rig. 3. Western blot analysis detecting PSM expression in truisfected non-PSM 
expressing PC-3 cells. 100,000 PSM glycoprotein species is clearly seen in LNCaP 
membranes {Laae J\ LNCaP crude lysate {Law 2). and PSM-tran»fected PC-3 cells 
(Lane 4) but is undetecUble in native PC-3 cells (Lane 3). 
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ia (n = 18; Fig. 5). In human LNCaP tumors grown both 
;aUy and s.c. in nude mice, we detected abundant PSM 
n with or without the use of Matrigel, which is required for 
h of S.C. implanted LNCaP cells (Fig. 5). Since PSA has been 

be up-regulatcd by androgens (14), we investigated the 
androgen responsiveness of PSM which has been noted to 
n expression following hormone deprivation, PSM mRNA 
ti is distinctly modulated by the presence of steroids in 
ical doses (Fig. 6). DHT down-regulated expression by 
I after 24 h, and testosterone diminished PSM expression by 

Estradiol and progesterone also down-regulated PSM ex- 
n LNCaP cells, perhaps as a result of binding to the mutated 

receptor known to exist in the LNCaP cell. Overall, PSM 
n is highest in the untreated LNCaP cells grown in steroid- 
media, a situation that we propose simulates the honnone- 

(castrate) state in vivo. This experiment was repeated at 
jsages ranging from 2-200 nM and at lime points from 6 h to 
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Fia 4 AutoTidioffam of ribonucleise protection gel assaying fix PSM mRNA ex- 
piesskin in nonnal human tissues. Lane U radiolabeled l-Wlobase DNA »«ddef (Gibco- 
BRL). Lane 2, undigested probe is 400 oucleoiides and expected protected PSM bond is 
350 nucleotides. Lane 3, iRNA control A strong signal is seen in human prosute {Lane 
12) widi very (aint but detectable signals seen in human brain (Lane 4) and human 
saUvarv gltnd (Une 12). Other samples include Lane 5, kidney; Lane 6, liver. Lane 7. 
lung: Lane 8, mammary gland: Lane 9. pancreas; Lane 10, placenta; Lane 12, salivaiy 
gUnd; Lane 13, slccieial musde; Lane 14, spleen; and Lane 15, testia. 
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Fig. 5. Autoradiogram of ribonudeasc protection gel assaying for PSM mRNA ex- 
pression in LNCaP tumors grown in nude mice and in human prusiattc tissues. Lane /, 
"P-Iabeled 1-kiIobasc DNA ladder. Lane 2, 298-nucIcotidc undigested pniht. Lane X 
tRNA control. A 260-270 nucleotide band in the undigested probe fane {Lane 2) is .seen 
and probably represents a partial RNA transcript. This RNA is completely degraded by 
RNase in Ihe absence of PSM mRNA as scco in the tRNA control (LaneJy PSM mRNA 
expression is clearly detectable in LNCaP ccJIs (Lane 4). onhotopically grown LNCaP 
tumors in nude mice with and without Matrigel (Lanes S and 6), and s.c. implanted and 
grown LNCaP tumors in nude mice (Lane 7). PSM mRNA expression is also seen in 
normal human prostate {Lane 8) and in a moderately differentiated human prostatic 
adenocarcinoma (Lane /O). Very faint cxpre5y!ion is seen in a .sample of human prostate 
tissue with benign hyperplasia (Lane P). 
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PSM antigen m vitro and to produce tumor xenografts maintainino 
high levels of PSM expression provides us with a convenient ai^ 
attractive model system to further study and characterize the rcgui,. 
tion and modulation of PSM expression. Also, the high level of PS^ 
expression in the LNCaP cells provides an excellent in vitro model 
system. Since PSM expression is hormonally responsive to steroids 
and may be highly expressed in hormone-refractory disease (16), it 
imperative to elucidate the potential role of PSM in the evolution of 
androgen-independent prostate cancer. The detection of PSM mRNA 
expression in minute quantities in brain, salivary gland, and small 
intestine warrants further investigation, although these tissues were 
negative for expression of PSM antigen by immunohistochemisiry 
using the 7E1 1-C5.^ antibody (17). In all of these tissues, particularly 
small intestine, we delected mRNA expression using a probe corre- 
sponding to a region of the PSM cDNA near the 3' end, whereas we 
were unable to detect expression when using a 5' end PSM probe. 
These resulLs may indicate that the PSM mRNA transcript undergoes 
alternative splicing in different tissues. Previous protein studies have 
suggested that the 7E11-C5.3 antibody may actually detect iwt* other 
slightly larger protein species in addition to the Af, 1(X),(KJ0 PSM 
antigen (18). These other protein species can be seen in the LNCaP 
lysatc and membrane samples in Fig. 3. Possible origins of these 
proteins include alternatively spliced PSM mRNA. other genes dis- 
tinct from but closely related to PSM, or different posttranslational 
modifications of the PSM protein. We are currently investigating 
these possibilities. 
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Fig. 6. Ribonuclease protection assay for PSM expression in LNCaP cells treated wiih 
physiological doses of various steroids for 24 h. Lane I. "^^P-labcled DNA ladder. Lane 2, 
298-nuclcotide undigested probe. Lane 3, tRNA conlrol. PSM mRNA cxprciwion is 
highest in untreated LNCaP cells in charcoal-stripped media {Lane 4). We .sec signifi- 
camly diminished PSM expression in l-NCaP celk treated with Dirv {Lane 5), testos- 
terone (Lane 6), estradiol (Lane 7). and prugeslerone (Lane 8), with tittle response tti 
dexamethasone (Lane 9), 



by Studying the various proteins and other features that arc unique to 
this important gland. Previous research has provided two valuable 
prostatic biomarkers. PAP and PSA, both of which have had a 
significant impact on the diagnosis, treatment, and management of 
prostate malignancies. Our present work describing the preliminary 
characterization of the PSM reveals it to be a gene with many 
interesting features. PSM is almost entirely prostate specific, as are 
PAP and PSA, and as such may enable further delineation of the 
unique functions and behavior of the prostate. The predicted sequence 
of the PSM protein (3) and its presence in the LNCaP cell membrane 
as determined by Western blotting and immunohistochemistry indi- 
cate that it is an integral membrane protein. Thus, PSM provides an 
attractive cell surface epitope for antibody-directed diagnostic imag- 
ing and cytotoxic targeting modalities.^ The ability to synthesize the 
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Abstract 

Recently, a novel Mr 100^ prosUte-spedflc membrane glycoprotein 
(PSM) has been detected by the prosute-specUic mooodonal anUbody 
.■7E11-C5, raised against the human prosUtic carcinoma cell tine LNCaP. 
TW PSM antigen is expressed exdiislvely by normal and neoplastic pras- 
^Ute ceUs and metastases. We now report the motecular doning of a 
hIMength 2.65-ldlobase complementary DNA encoding the PSM antigen 
frwD « human LNCaP complementary DNA library by polymerase chain 
rtaction using degenerate oUgonudeotade primers. Analysis of the com- 
plementary DNA sequence has revealed that a portion of the coding 
Rgion, from nudeotide 1250 to 1700, has 54% homology to the human 
transferrin receptor mRNA. The deduced polypeptide has a putative 
trusmembrane domain enabling tlie detinealion of Intra- and extracellu- 
bf portions of this antigen. In contrast to prostate-spedflc antigen and 
prostatic acid phosphatase which are secreted proteins, PSM as an integral 
Bcmbrane protein may prove to be effective as a target for imaging and 
cytotoxic targeting modalities. 

Introduction 

Prostate cancer represents the most common malignancy in Amer- 
ican males and is the second leading cause of cancer-related death in 
ih^ male population (1). The disease has diverse manifesutions, from 
slow growing, indolent primary lesions to aggressive, refractory met- 
tsiatic disease, with a predilection toward bone metastases. PAP^ was 
one of the earliest serum marlcers for detecting metastatic spread of 
prosute cancer ( 1 ); this marlccr has been augmented in recent years by 
PSA (I). PSA has been shown to correlate with tumor burden, serve 
as an indicator of metastatic involvement, and provide an excellent 
parameter for following the response to surgery, irradiation, and an- 
drogen ablation therapy in patients with prostate cancer. Both of these 
proteins are secreted and are readily measured in the scrum, as well as 
in prostatic secretions. The LNCaP human prostate cancer cell line 
was established from a metastatic lymph node from a heavily pre- 
ireated patient with hormone-refractory prostate carcinoma (2). This 
cell line serves as the best in vitro model for human prosutic carci- 
noma in that it possesses an aiKuploid male karyotype, maintains 
prosutic differentiation functionality in that it produces PAP and PSA. 
■nd expresses a high affinity androgen receptor. Cell membranes were 
Elated from these celts and mice were immunized with them to fonr 
hybridornas. A prostate-specific monoclonal antibody was generated 
taing spleen cells of mice immunized with LNCaP cell membranes 
•nd designated 7EI I-C5 (3). The antibody staining exhibited a mem- 
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br^e location with LNCaP cells reacting strongly. Both benign and 
neoplastic prostate cells stained positively, with more intense staining 
seen with malignant cells. Lymph node and bone metastases also stain 
positively with the antibody, with the highest expression seen in 
hormone-refractory lesions (4). The epitope of the antibody has been 
shown to include a carbohydrate portion of the PSM antigen and the 
antigen has an apparent molecular weight of approximately 100.000 
on SDS-poIyacrylamide gel electrophoresis (5). In this paper, we 
report the molecular cloning of a full-length cDNA encoding the 
100.000 prostate-specific membrane antigen. 

Materials and Methods 

Cells and Reagents. The LNCaP. DU-I4S. and PC-3 cell lines used were 
obuiincd from the American Type Culntre Collection. Details regarding the 
development of these cell hnes and their characteristics have been published 
previously (2, 6, 7). Unless specified otherwise. LNCaP cells were grown in 
RPMl 1640 supplemented with L-gtutamine. nonessential amino acids, and 5% 
fcial calf serum (Gibco-BRL) in a COj incubator at 37'C. DU-i45 and PC-3 
cells were grown in minima) essential medium supplemented with 10% fetal 
calf senim. All media was obtained from the MSKCC Media Preparation 
Facility Routine chemical reagents were obtained from Sigma Chemical Com- 
pany. St. Louis. MO. The modified 7EI I-C5 monoclonal antibody to the PSM 
antigen (CYT-356) was obtained from Cytogen Corporation, Princeton. NJ. 

Inuniinoprecipitation of the PSM Antigen. LNCaP cells were starved in 
methionine-depleted RPMI for 2 h. after which l-^^S]methionine was added at 
100 ^i/ml and the cells were grown for another 16-18 h. Cells were then 
washed and lysed by addition of I ml of lysts buffer 1 1 % Triton X - 100. 50 mM 
Hepes (pH 7.5), tO% glycerol, 15 mM MgCU.,! nw phenylmethylsulfonyl 
fluoride, and 1 mM |ethylenebis(oxyethylenenitrilo)]tetraacetic acid] and incu- 
bated for 20 min at 4**C Lysates were precleared by mixing with Pansorbin 
cells (Calbiochem) for 90 min at 4**C. Cell lysates were then mixed with 
protein A-Sepharose CL-4B beads (Pharmacia) previously bound with CYT- 
356 monoclonal antibody and rabbit anti-mouse IgG (Accurate Scientific) for 
4 h at 4*'C. Beads were then washed with 20 mM 4-(2-hydroxycthyl>-l-piper- 
azineethanesulfontc acid (pH 7.5). 150 mM NaCI. 0.1% Triton X-100. 10^ 
glycerol, and 2 mM sodium o- vanadate buffer, resuspended in Laemmli sample 
loading buffer, and denatured prior to electrophoresing on a 10% SDS-PAGE 
gel at 10 mA overnight. Gels were dried down at 60°C in a vacuum dryer and 
auioradiographed for 1 6-24 h at -70X. For the large scale purification of 5- 10 
pg of PSM antigen, the above procedure was repeated using approximately 6 
X 10^ LNCaP cells. The immunoprecipitation product was pooled and loaded 
into two lanes of a 10% SDS-PAGE gel and clectrophoresed for 16 h at 10 mA. 
Proteins were electroblotied onto nitrocellulose membranes and stained with 
Ponceau red to visualize th« proteins. 

Peptide Mkrtisequeocittg. This work was performed with the assistajKC 
of the Sloan-Kenering Institute Microchemistry Core Facility: Briefly, the 
100.000 PSM antigen band was excised from the ntembrane, solubilized. and 
digested proteolytically with trypsin. High performance liquid chromatography 
was performed on the digested sample using a HPLC Applied Btosystems 
Model t71C, and clear dominant peptide peaks were selected and sequenced 
on a modified post-liquid Applied Biosystems Model 477 A Protein/Peptide 
Microsequcncer (8). Nine peptides were sequenced ranging in size from 7 to 
22 amino acids and all were screened for homology with (he Cenbank database 
diKl found to be uniqtie. A umibir technique was used to sequence die amino 
terminus of the PSM antigen and it was determrned thai it war in fart blocked, 
.ind no protein sequence wss obtained. 
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• RNA boblton. Total ceHular RNA was isolated from LSCuP cells by 
sundard lechi.iqucb (9). Pol yaden\ laic -enriched RNA was preparea from lotal 
RNA by oligo-droxyihymidylaic cellulose chrorrutogriphy ( I0>. 

PCR with Degtnerate Primers. Sense and anitsenie .S'-unphosphorylaied 
degenerate oligonucteoiide primcre 17 to 20 nucleotides long corresponding to 
ponions of the previously sequenced peptides were synthesized on an Applied 
Biosy stems Model 394 A DNA Synthesizer. These primers consisted of mix- 
tures of 32 to 144 different sequences, in order to account for the degeneracy 
of the genetic code. PCR HI) was performed on a Peri in -Elmer Model 480 
DNA Thermal Cycler, using a cDNA template prepared by reverse transcribing 
LNCaP mPJsJA w ith Superscript reverse transcriptase (Gibco-BRL) according 
to the manufacturer s recommendations. The PCR profile used was 94 ""C for 30 
s -i5-55'C for I T.in (varied with -Jie T„ of the primers used), followed by 
72' C for 2 mi n. This was earned out for 30 cycles. Reactions were performed 
in a total volume of 50 pt containing 5 mI lOX PCR buffer (166 m>4 NFLSOj- 
670 my Tris. pH S.8-2 mg/ml bovine serum albumin). 5 pi 2.5 mM deoxynu- 
cleotide triphosphate mix. 5 pi Primer mix (0.5-1.0 pg each of sense and 
antisense primers). 5 pi 100 mM /3-mcrcaptoeiharol. 2 m> cDNA timplate. 5 pi 
25 m>A MgCl;. 2 pi diluted Taq polynnerase at 0.5 unii/pl (Promcga). and 21 pi 
dH;0. 

Cloning of PCR Products. PCR products were cloned into the pCR 11 
plasmid vector using the TA cloning system (Invitrogen). These plasmids were 
transformed into competent Escherichia colt cells using standard methods (12) 
and plasmid DNA was isolated using Magic Mini preps (Promega) and 
screened by restriction analysis. 

DNA Sequencing of PCR Products. TA clones were then sequenced by 
the dideoxy method f 13) using Sequenasc (United States Biochemical). From 
3 to 4- pg of each plasmid were denatured with NaOH and ethanol precipitated. 
Labeling reactions were carried out according to the manufacturer's recom- 
mendations using ( ^'IdATP (NEN), and the reactions were terminated as dis- 
cussed in the same protocol. Sequencing products were then analyzed on 6% 
polyacrylamide/7 m urea gels run at 1 20 W for 2 h. Gels were fixed for 20 min 
in 10% methanol/ 10% acetic acid, transferred to Whatman No. 3 MM paper, 
and dried down in a vacuum dryer for 2 h at 80*C. Gels were then autorad- 
iographed at room temperature for 16-24 h. Confirmation of correct clones 
was determined by reading DNA sequences adjacent to primer sequences 
looking for predicted peptide sequences that agreed with our peptide se- 
quences. 

cDNA Library Const niction/Cloning of Full-Length cDNA. A cDNA 
library- from LNCaP mRNA was constructed using the Superscript plasmid 
system (Gibco-BRL). The library was transformed using competent DH5-Q 
cells (Gibco-BRL) and plated onto lOO-mm plates containing L-Broth plus 100 
pg/ml of carbcnicillin. Plates were grown overnight at 37^ and colonies were 
transferred to nitrocellulose filters. Fillers were processed and screened fol- 
lowing techniques described by Grunstein and Hogness (14), using the I.I- 
kilobase panial cDNA homologous probe, radiolabeled with ("PJdCTP by 
random priming (15). Positive colonies were sequenced by the Sequena.se. 
method as described previously. 

Northern Analysts of PSM Gene Expression. Analysis of PSM mRNA 
was performed according to previously described techniques (16). Ten pg of 
total RNA were denatured and elearophoresed through 1.1% agarose/ 
formaldehyde gels at 60 mA for 8 h. RNA was then transferred to Nytran nylon 
membranes (Schleicher and Schuetl) by pressure blotting in I Ox standard 
saline-citrate with a Posi-blottcr (Stratagene). RNA was cross-linked using a 
LTV Stratalinkcr (Stratagene) and then baked in a vacuum oven for 2 h at 80"C. 
Blots were prchybridized at 65 "C for 2 h and subsequently hybridized with 
denatured '-P- labeled random-prinried cDNA probe. Blots were washed twice 
in IX saline-sodium phosphate-EDTA/0.5% SOS at 42*C and twice in O.I x 
saline-sodium phosphate-EDTA/0.5% SDS at 50*C for 20 min each. Mem- 
branes were air-dried and autoradiographed for 12-36 h at -70*C with Kodak 
X-Omat film. 

Results 

ImmunoprecipiUUon of the PSM AnUgen. In agreement with 
previous results obtained by Western analysis using the CYT-356 
monoclonal antibody (5), immunopredpitation of the PSM antigen 
from meubolically labeled LNCaP cells yielded a single protein spe- 



cies with an apoareni molecular weight of 100,000 on SDS-PAGE 
electrophoresis (Fig. I). 

PSM AnUgen Peptide Sequencing. Approximately 10 pg of PSM 
antigen were purified as described in **Maienals and Methods" and we 
obtained the following 9 peptide sequences: 

1. SLYESWTK 

2. SYPDGXNLPOGGVQR 

3. FYDPMFK 

4. lYNVIGTLK 

5. FLYXXTOIPHLACTEQNFQLAK 

6. GVILYSDPADYFAPDGVK 

7. AnOPLGLPDRPFYR 

8. YACESFPGIYDALFDIESK 

9. TILFASWDAEEPGXXGSTHWAE 

Each of these 9 peptide sequences was found within the predicted 
amino acid sequence translated from the PSM antigen cDNA with 
only a few minor changes, presumably due to limitations of the 
protein sequencing technology. An attempt was also made to sequence 
the amino terminus of the PSM antigen but no sequence data could be 
obtained and it was concluded that the amino terminus of the piDtein 
is blocked. 

Polymerase Chain Reaction. Degenerate primcn designed from 
peptides 5 and 9 listed above were used in the polymerase chain 
reaction to amplify a K 1 -kilobase partial cDNA which was confirmed 
correct by DNA sequencing by the identification of the above peptide 
sequences contained within it This cDNA sequence was screened on 
the Genbank computer database (Los Alamos, NM) and was found to 
be unique. 

Ooning of the Full-Lcngtfa PSM Antigen cDNA. Using the IJ. 
kilobase partial PSM cDNA as a hybridization probe, 4 cDNAs en- 
coding the PSM antigen were detected in the LNCaP cDNA library. 
The complete sequence of the longest cDNA; clone 55A (2.65 kilo- 
bases) and its deduced protein sequence are shown in Fig. 2. The 
entire IJ -kilobase partial cDNA sequence is contained within the 
full-length PSM cDNA without changes. The open reading frame is 
750 amino acids with a prediaed protein molecular weight of 84.000. 
excluding carbohydrate. The presence of 5 in-frame stop codons be- 
tween nucleotides -120 and -94 indicates that the ATG at nucleotide 
+ 1 is probably the actual initiator codon. Partial sequence analysis of 
the other 3 cDNAs indicated that they are identical to clone 55A. 
except the 5' ends of these cDNAs terminate at different positions 




Rg. 1. ImimmopcecipiiukM of the lOOOOO PSM anusen from l^JmedtioRiiu^- 
tsbeled LNCaP cells. Proccto rovken are dwwn on the J^. 
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Ftg. 2. Complete nucleotide sequence for the 
yahbast pur PSM cDNA and the innsUted 750- 
uruno acid predicted protein sequence. The trans- 
membrane domain is double-underiined and poly- 
adcnylaiioo signal is single-umiertuted. The area of 
homology with the human transferrin receptor is 
couained within the boxed region. Potential N- 
flv-cosylation sites are indicated with asterisks. 
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between the initiator codon and the 5' end of clone 55 A. The se- 
quences of two of these additional cDNAs extend upstream of the five 
in-frame stop codons; thus these, stop codons are probably part of 
authentic PSM RNA and not a 5' artifact sequence. This provides 
funher evidence that the coding region of PSM mRNA begins at 
nucleotide + 1 of the sequence shown in Fig. 2. 

Although the predicted protein sequence does not contain an NH^- 
temiinal hydrophobic signal sequence, a segment of hydrophobic 
^idues from amino acids 20 through 43 forms a putative transmem- 
brane domain ( 1 7). The major portion of the protein is CCX)H terminal 
*o the transmembrane domain and contains multiple potential W-gly- 
cosylation sites. Greater than 54% homology on the nucleic acid level 
from nucleotides 1250 through 1700 within the coding region has 
demonstrated with the human transferrin receptor mRNA by 
|ncans of a Genbank homology search. Similar homologies have been 
•dcniified for the chicken and rat transferrin receptor mRNAs. The 
*wire fiill-Iengih cDNA sequence has been compared to the Genbank 
**8*abase and conftrmed to be unique. 

Expression of the PSM Gene. Northern analysis using the PSM 
J'^NA probe has revealed expression of a 2.8-kilobase message in the 
VNCaPcell line, with no expression in the DU-I45 and PC-3 cell lines 
*Rg. 3).' Expression of the PSM antigen ippean to be limited to 



prostatic tissues, both benign and neoplastic, with no detectable 
expression in any of the nonprostatic tissues and cell lines tested to 
date/ 

Discussion 

Organ-specific antigens permit insight into the processes that occur 
uniquely within a particular tissue. The prostate is a ver>' unusual 
ongan in that with aging most organs atrophy, whereas the prostate 
gland almost invariably hypertrophies and in a very high percentage of 
cases develops a malignancy. A celt model that has proven valuable in 
fostering our understanding of prostatic cancer has been the l-NCaP 
prostate cancer cell line. These celts express markers characteristic of 
prosutic epithelial cells such as PSA and PAP as well as a functional 
androgen receptor. These cells were used to immunize mice and 
resulted in the generation of the 7EI1-C5 monoclonal antibody and its 
subsequent modified derivative, CYT-356, which we used to clone the 
PSM cDNA. The PSM antigen appears to have many interesting and 
potentially significant properties. The presence of 3 arginine residues 
at the NHj-terminal end of the putative transmembrane domain sug- 
gests that the PSM protein is a type II integral membrane pro(ein. with 



Unputiltshed %lau. 



MCXiOa>« CLONING OF eONA EM TDINC RM 



1 2 3 



9.5_ 
7.5 

4.4 




Fig. 3. Autoradiogram of Nonhem anaiysis revealing expression of 2.8-lutobase PSM 
message unique to the LNCaP cell line (Lane /) and abseni from ihe DU-145 (Lane 2) 
and PC-3 cell lines (Lane 31 RNA size ladder is shown on the left (kilobases). and 28S 
and iSS rRNA bands are indicated on the right. 

a short NHz-terminal region on the cytoplasmic side of the membrane 
and a large COOH-terminal domain on the extracellular side (17). 
This prediction is supported by the finding that removal of basic 
residues from the NH^-terminal side of type II integral membrane 
protein transmembrane domains can reverse the orientation of such 
proteins in the membrane (18). 

As an integral membrane protein unique to prostatic epithelial cells, 
the antigen or perhaps a specific PSM ligand may serve as an excellent 
site for use in the imaginp and/or targeting of metastatic deposits. 
Indeed, current studies suggest that the CYT-356 antibody may be 
useful in imaging extraprostatic deposits of cancer cells (5), The 
CYT-356 antibody recognizes an epitope that is at least in part car- 
bohydrate. It is possible that a unique peptide -recognizing antibody 
may have less nonspecific binding and that, additionally, multiple 
antibodies recognizing multiple areas of the PSM antigen may en- 
hance the ability to image and treat metastatic pfx)state cancer. 

PSA expression tends to decrease in homionc-refractory disease 
and bone metastases, while the expression of PSM appears to increase, 
again implying that it may provide an attractive target for therapy and 
diagnosis. 

The homology to the human transferrin receptor is an interesting 
finding. It is of interest that the expressed prostatic secretions of 
patients with prosute cancer are enriched with respect to their content 
of transferrin and that prostatic cancer cells are rich in iransfcfrin 
receptors (19). It was previously hypothesized that the microenviron- 
ment of bone would serve to stimulate prostatic cancer cell growth. 
This was recently observed to be the case, inasmuch as bone stroma 
cell transferrin dramatically stimulated the growth of metastatic pro- 
static cancer cell lines (20). In these experiments, the androgen re- 
ceptor-negative DU-145 and PC-3 cell lines were used and LNCaP 
cells were not examined. Whether the PSM antigen interacts with 



transferrin or another ligand and possibly faciliutes mcLisutic spmd 
is presently being addressed in our laboratory. Transferrin may prove 
to be nrKjre than a transport molecule, because apotransferrin has been 
shown 10 be mitogcnic to some tumor cells (2 1 ). 

Finally, we are presently developing new antibodies directed 
against peptide epitopes of the PSM antigen which are predicted to be 
highly antigenic, with the expectation that these may be used to 
develop scrtim enzyme-linked immunosorbent assays, aid in tissue 
diagnoses, and serve as new agents for the immunotherapy of ad- 
vanced, hormone -refraaory prosute cancer. 
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Abstract 



The efficacy in cancer treatment of novel iliciapcutic aucDts such as monoclonal antibodies, cytolriiws and 
effector cells has been limited by their inability to reach ihcii laigci in vivo in adequate quaatides. MoiecuUr 
and ceUular biology of neoplastic cells done haa failed to explain the nonuiiifonn uptake of tUcse agents. This 
K not surprising dnce a solid tumor in vivo is not just a coUcctioo of cancer cells. In faci, ii consisis of two 
ertracellithr rompanments: vascular and interstitial. Since no blood-bomc molecule or cell cau icach cancer 
cells without paving through these compartmenu, the vascular and interstitial physiology of luiuois ha^ 
received considerable anenfinn in recent years. Three physiological factors responsible for the poor local- 
ization of raacromolccules in nimor^ havr be^n identified: (i) heterogeneous blood supply, (ii) elevated 
interstitial pressure . and (ui) large iranspon disunrjv in rhe interttitium. TTic fim factorlimits the dclivco' of 
blood-bomc aRcnis to well-pcrtuscd regions of a tumor: the ««:nnd faaor reduces extravasation of fluid and 
DMcromolccuies in die hifiii interstitial pressure regions and ateo lead* rn an experimenuUy verifiable, 
radiafly outward convection in Oic tumor periphery which opposes the inward diltu-^ion: and the third factor 
mcreases the time required for slowly moving macromolecules to reach distal regions of a tumor. Rinding of 
the molecule to an antigen further lowers the effective diffusion rate by reducing the amount of mohiie 
molecule. Although the effector ccib are capable of active migiaiiou. peculiarities of the tumor vasculature 
and mterstitium may be also responsible for poor delivery of lymphoJdiie aciivaicU killer cells and tumor 
mfilrrating lymphocytes m soHd tumors. Due to micro- and macroscopic hcieroscuciucs in tumors, the 
relaovc magnitudft of each of these physiological barriers would vary from one location to anoihct and from 
one day to the next in lUe. «mr rumor, and from one nunor to another. If the genetically cnginceted 
macromolccules and cffeaor celU. « wHl as low molecular weight cytdtoxic agents, are to fulfiU their clinical 
promise, strategies must be developed to overcnm« or exploit these barriers. Some of these st^jitcgics ere 
discussed, and situations wherein these barriers may not be a problem arc oudined. FinaUy. some therapies 
where the tumor vasculaiurc or the iniersiiiium may be a target are pointed nnr. 



Introductioo 

The advent of hybndoma technology and genetic 
engmcering has led to the design and large-6cale 
production of monoclonal antibodies (MAbs) and 
other biological macromolccules potentially useful 
for cancer detection and treatment. THese mole- 



cules can be conjugated to radionucUdes. cbemo- 
thcrapcuuc agcuis» toxins, erowih factors, en- 
zymes, effector cells or liposouiw. Moreover, a 
number of genetically engineered cytolytic macro- 
molecules (e.g., cytokines) and killer cells are un- 
der active investigation as potential therapeutic 
agents. While the concept of using antibodies, cy 
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tokines or effector cells with a high degree of speci- 
ficity for cancer cells remains anractive for cancer 
therapy, clinical results have not, to date, lived up 
to the earlier promises of their perceived potential. 
Similarly, many of the conventional drugs of lower 
molcculai- weight, although effective against he- 
matologic cancers (e.g., leukcmias. lymphomas), 
have had minimal impact on solid tumoi^ (e.g.. 
breast, lung, colon, brain). A key problem with 
blood-borne therapeutic agents is their inability to 
reach all regions of a tumor in adequate quantities 
[1). Cellular factors (e.g., heterogeneity of tumor- 
associated antigen, multidrug resistance) atone can 
not account for the poor delivery of these agents in 
tumors. This is not surprising since a solid tumor is 
a pathophysiological entity, which is more than the 
sum of its component cells. This tissue is capable of 
behaving as differently from its component cells, 
much as the liver docs when compared with hcpa- 
locytcs [2]. The neoplastic cells in vivo arc, in fact, 
pan of an organized structure which has at least 
rwo extracellular compartments: the vasculature 
and the interstitium (2). While much of cancer biol- 
ogy has advanced rapidly in recent ycai^, the study 
of tumor pathophysiology of cancer has lagged be- 
hind. 

A blood-bome molecule or cell that enters the 
tumor vasculature reaches cancer cells via: (a) dis- 
tribution through the vascular companmeni; (b) 
iranspon across the microvascular wall; and (c) 
transpon through the interstitial compartment. 
For a molecule of given charge, size, and config- 
uration, each of these transport processes may in- 
volve convection (i.e. , solute movement associated 
with bulk solvent movement) and diffusion (i.e., 
solute movement restilting from solute concentra- 
tion gradients). In addition, during this journey the 
molecule may bind non-spccifically to proteins or 
other tissue components; bind specifically to the 
target(s) and/or be metabolized (3, 4). Although 
LaK or TIL cells are capable of active migration, 
they encounter the same barriers against their 
movement in tumors. In this article, I will critically 
review these physiological barriers to delivery of 
molecules and cells in tumors and discuss some 
strategies to overcome or exploit them for ther- 
apeutic benefit. 



Distribution through vascular space 

The tumor vasculature consists of (a) vessels 
recruited from the preexisting network of the host 
vasculature and (b) vessels resulting from the an- 
giogenic response of host vessels to cancer cells (5, 
6]. Movement of molecules through the vascula- 
ture is governed by the vascular morphology (i.e., 
the number, length, diameter and geometrical ar- 
rangement of various blood vessels) and the blood 
flow rate. 



Vascular morphology 

Although the tumor vasculature originates from 
Che host vasculature, its organization may be com- 
pletely different depending upon the tumor type, 
its growth rate, and its location. The architecture is 
different not only among various tumor types, but 
also between a spontaneous tumor and its trans- 
plants [7]. 

Macroscopically, the tumor vasculature can be 
studied in terms of two idealized categories: pe- 
ripheral and central. In tumors with peripheral vas- 
cularization, the centers are usually poorly per- 
fused (Fig. 1 ) . In those with central vascularization , 
one would expect the opposite. Hence, the pene- 
tration of blood-borne substances should follow 
the same pancm. In reaUiy , a tumor may consist of 
many territories, each exhibiting one or the other 
of these two types of idealized vascularpattems. 

Microscopically, the tumor vasculatiue is highly 
heterogeneous and does not conform to the stan- 
dard normal vascular organization (i.e., anery to 
arteriole to capillaries to postcapiUaiy venule to 
venule to vein). Based on their ultrastructure, the 
tumor vessels can be classified into nine categories: 
a) anerics and arterioles; b) nonfenestrated capil- 
laries; c) fenestrated capillaries; d) discontinuous 
capillaries (sinusoids); e) blood channels without 
endothelial lining; f) capillary sprouts; g) postcapil- 
lary venules (giant capillaries); h) venules and 
veins; and i) arteriovenous anastomoses (shunts) 
(7). Note that except for vessels of classes (c) and 
(0. the remaining vessel types are structurally simi- 
lar to those found in a normal tissue. The vessels of 



classes (c) and (0 are found in healing (granula- 
tion) tissue. A key difference between normal and 
tumor vessels is that the latter are dilated, saccular 
and tomious, and may contain tumor ceiJs within 
the endothelial lining of the vessel wall [7]. In addi- 
tion, unlike a normal tissue ;vith a fixed route be- 
tween anerial and venous sides, a tumor may have 
blood flowing from one venule to another via ves- 
sels of classes (b) through (g), or directly via an 
arteriovenous shunt. The branching patterns of 
blood vessels in a tumor are significandy different 
from ihose in a nonnal tissue, with many trifurca- 
tions, self-loops and spouts [8]. Furthermore, due 
to the peculiar nature of the vasculature, the orga- 
nization of vessels may be different from one loca- 
tion to another and from one time to the next. As a 
result, one would expect different routes for blood 
flow in the well perfused advancing zone, semi- 
necrotic zone, and necrotic zone (Fig. 1). 

Following the pioneering studies of Algirc [9], 
several investigators have measured morphomciric 
parameters of vessels in thin, two-dimensional tu- 
mors grown in transparent windows. The pioneer- 
ing work of Gullino and Grantham [10] led to simi- 
lar studies in three-dimensional experimental and 
human tumors [7J. The vascular space in tumors 
varies from 1% to 20% depending upon the tumor 
type, weight and method of measurement. Studies 
in two-dimensional tumors show that vascular vol- 
ume, length and surface area increase during the 
early stages of growth, and then decrease; this be- 
havior correlates with the onset of necrosis. The 
frequency of large diameter vessels increases in the 
later sugcs of growth. Most quantitative swdies in 
three-dimensional tumors miss the early growth 
period of increase in vascular volume, length and 
surface area. While studies of later stages of growth 
show an increase in the intercapiUary distance and 
a decrease in vessel length and surface area, the 
results on vascular volume arc inconclusive. Some 
studies show that the fractional vascular volume of 
tumors remains fairly constant during growth (sug- 
gesting an increase in the number of blood vessels 
with sluggish flow), while others show that the 
fractional vascular volume decreases as a tumor 
grows (in agreement with the observation that tu- 
mor perfusion rate decreases as a tumor grows) (?]. 
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Possible reasons for this discrepancy include errors 
associated with different measurement techniques 
as well as presence of aneriovenous shunts and 
blood vessels with stagnant blood in them. Wheth- 
er the vascular volume decreases or not, a reduc- 
tion in vascular surface area would lead to a reduc- 
tion in the transvascular exchange of molecules. In 
addition, an increase in the intercapillary distance 
would require the molecules to traverse longer dis- 
tances in the interstitium to reach all regions of a 
tumor. 



Biocd flow rate 

Most investigators have measured local blood flow 
rate of tumors based on uptake or clearance of a 
tracer from a single or a limited nimiber of regions 
of the tumor. Due to noticeable spatial and tempo- 
ral heterogeneity in tumor blood supply, these val- 
ues may not be reprcsenutive of the whole tumor. 
A limited number of studies in which the blood 
flow rate of the whole tumor has been measured, 
shows that the average perfusion rate of carcinomas 
is less than that of the host tissue of origin. Sarco- 
mas and lymphomas have higher average perfusion 
rates than carcinomas [11]. The data on blood flow 
in human itmiors is limited and inconclusive due to 
methodological problems [12). In general, as tu- 
mors grow larger, they may develop necrotic foci, 
and as a result, the average perfusion rate decreas- 
es with tumor size [11]. Note that even in these 
large necrotic tumors, therapeutic agents would be 
delivered in die well perfused regions. 

Since the seminal work of Ide et ai. [13], several 
investigators have examined the microscopic flow 
heterogeneities of tumors grown iii transparent 
windows. Blood flow in tumor vessels has been 
found to be intermittent. There arc random peri- 
ods of flow reduction and stasis followed by re- 
sumption of flow, sometimes in the opposite direc- 
tion (14, 15]. These fluctuations may result from a) 
vasomotor activity of the host anerioles, b) respira- 
tory or cardiac cycle, c) rheologicai factors such as 
passage of red blood cells, white blood cells or 
cancer cells in a vessel, d) low perfusion pressures 
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in tumor vessels, and/or c) elevated intersiitial 
pressure in lumors (7, 16, 17]. 

Quantitative studies on the macroscopic spatial 
heterogeneities in the tumor perfusion rate as a 
function of tumor growth (size) are limited. Based 
on perfusion rates four regions can be recognized in 
a timior: a) an avascular, necrotic region, b) a 
scminccrotic region, c) a stabilized microcircula- 
tion region and d) an advancing front. In a rhab- 
domyosarcoma grown in the transparent chamber 
in a rat, the widths of the stabilized region and the 
advancing front were found lo remain constant, 
while the widths of the necrotic and the seminecrot- 
ic zones increased with tumor growth. In addition, 
the perfusion rate in the tumor periphery (i.e. , the 
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Fig. L Physiologic barriers a blood-bome molecule encounters 
before it reaches a caocer ceU io a solid tumor, (a) Schematic of a 
hcicrogeneously perfused tumor sbowiog wcU-vascularizcd pe- 
riphery; a leminecioQc. incermediaic zone; and an avascular, 
ftccroiic central region. Sote that immediately after iv injection, 
the molecules are delivered to weU-pcrfused regions only, (b) 
Low inteistitiaJ pressure in the periphery permits adequate 
extravasation of fluid and macromolcculcs. (c) These macro- 
molecules move towards the center by the slow process of 
diffusion (o). In addition, inteistiiial Quid oozing from tumor 
carries macromoleculcs with it by convection ("^) into the 
nonnal tissue. Note that the interstitial movement may be fur- 
ther retarded by binding. Products of metabolism may be clear- 
ed rapidly by blood. (Reproduced with permission from (iM 

Stabilized and advancing zones) was found to be 
higher than that in the surrounding normal tissue 
(14). Intratumor blood flow distributions in sponta- 
neous animal and human tumors arc now being 
investigated using nuclear magnetic resonance and 
positron emission tomography. While limited, 
these results are in concert with the transplanted 
tumor studies: blood flow rates in necrotic/scmi- 
nccroiic regions of tumors arc low, while those in 
non-necrotic regions arc variable and substantially 
higher than m surrounding/contralateral host nor- 
mal tissues (18, 19). As a result of these spatial and 
temporal heterogeneities in blood supply coupled 
with variations in the vascular morphology at both 
macroscopic and microscopic levels, it is not sur- 
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prising (hat the spatial distribution of therapeutic 
agents in rumors is heterogeneous and the average 
uptake decreases wiib an increase in rumor weight. 



Transport across microvascular wail 

Once a blood-borne molecule has reached an ex- 
change vessel, its extravasation, Jj (g/s), occurs by 
diffusion and convection (Fig. 2) and, to some ex- 
tent, by transcytosis. Diffusion is proportional to 
the exchange vessel's surface area, S (cm^, and the 
difference between the plasma and interstitial con- 
centrations (Cp-C; g/ml). Convection is propor- 
tional to the rate of fluid leakage, Jp (ml/s). from 
the vessel. Jp, in turn, is proponional to S and the 
difference between the vascular and interstitial hy- 
drostatic pressures (pv-pj; mmHg) minus the dif- 
ference between the vascular and interstiiial os- 
motic pressure (ji,-;ti;'mmHg). The proportional- 
ity constant which relates transluminal diffusive 
flux to concentration gradients (C^-Q) is referred 
to as the vascular permeability, P (cm/s), and the 
constant which relates fluid leakage to pressure 
gradients is referred to as the hydraulic conductiv- 
ity, Lp (cm/mm Hg-s), The effcaiveness of the 
transluminal osmotic pressure difference in pro- 
ducing fluid movement across a vessel wall is char- 
acterized by the osmotic reflection coefficient, o; o 
is close to 1 for a macromolecule and close to zero 
for a small molecule (20). Thus, transf>on of a 
molecule across normal or tumor vessels is govern- 
ed by three transport parameters, P, and o; the 
surface area for exchange, S; and the transvascular , 
concentration and pressure gradients. 



Transvascular transport parameters 

For a macromolecule of specified size, charge, con- 
figuration and binding constants, the transport par- 
ameters depend upon the physiological propenies 
of the vessel wall (e.g.. wall struaure, charge). 
Ultrastrurtural studies of animal and human tu- 
mors have shown that tumor vessels have wide 
interendothelial junctions, large number of fcn- 
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Fig. 2. Two primary inodcs of transvascular uanipon of mole- 
cules. Diffusion ts proporttooal to coDceniratioo gradieots and 
coDvccoon is proponionaJ to pressure gradients. For more de- 
tails 00 other modes of transport, see tbe text and (20). 

estrae and iranscndothelial channels formed by 
vesicles, discontinuous or absent basement mem- 
brane and a significant spatial heterogeneity {20, 
21). These characteristics of tumor vessels suggest 
that they should have relatively high P and Lp (22, 
23]. As a matter of fact, various tissue uptake stud- 
ies have found vascular permeability of tumors to 
be significandy higher than that of skin or muscle 
(Fig. 3; (20]). If tumor vessels are indeed 'leakier' 
to fluid and macromolecuics compared to several 
normal tissues, what leads to their poor extravasa- 
tion? As discussed below, tumors contain regions 
of high interstitial pressure, which lowers the fluid 
extravasation- Since the transvascular transpon of 
macromolecuics under normal conditions occurs 
primarily by convection (20), a decrease in fluid 
exuavasaiion would lead to a decrease in extrava- 
sation of macromolecuics (25-27]. Furthermore, 
the average vascular surface area decreases with 
tumor growth, hence one would expect reduced 
transvascular exchange in large tumors compared 
to smaller tumors (27]. 



Transvascular pressure gradients 

Decreased p» and/or increased p, in nunors has 
been indirectly demonstrated by several investiga- 
tors working with tumors grown in transparent 
chambers. By raising venous pressure in the cham- 
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J.££rcui*c uuCiovtfCuUi pcfmcAbility coeCS c icDi of 
l5Q,0flfVfnoJccul>r-wtfighf Hexrrao in nAfnuil (manirp. rninuU- 
QOD) aad neopUstic (VX2 caronooia) Ottues under vtrtous 
ooodidoos: (o) control (37); (b) afl«r utin« (1 ml/kg of body 
wetchi) iajecdoD: (c) after glucose ioiectioos: (d) after calaccose 
injeuiuitt; auJ (e) aXict bypCiUiCiuiU (or 1 Itf (23) (mean l: SD; 
ft m No. of meituremenu). Note tbtt rh«#. meAwr^tn^rtn. w«rpi 
made in uidtvtdml blood vessels, and that tumor excnange 
^«cucb exhibit trcmeadous heterofenciry in vaseuUr p«nn«abil 
ity. In addition. IgGs may cxtravasate at rates different from 
(Jexuzutt (CUtu M. Jaiu RK. iut(>ubli3bcd results). (Rcpn>- 
duecd with permittion from [lA] ] 

ber or by looseoing tbe chamber, blood flow can be 
restored in ischemic/necrotic tumor areas. Direct 
measurements in sandwich tumors or in the super- 
ficial layer uf ilircc-Uiiuciisiuitiil luuiois have 
sliowu that on the arterial side vascular pressure 
docs not differ significantly between non-tumor 
BAd tumor vessels; whereas, venous pressures tnoy 
be lower in tumor vessels compared to those in 
normal vecseU [7]. 

Since the initial work of Young era!. [28J , several 
investigators havr. shnwn that m animal tumors is 
signittcanily higher than in nonnal tissues (29). Re- 
cently, we have also quantified interstitial hyper- 
tension in human tumors. (For example, in super- 
ficial melanomas Pi ts as iuKh as 45mniHK;' m 
cct vical caiciuomas as liigh as 30 mm Hg.^ Funher 
as the txmior grows, p^ rises in some tumon, pre- 
sumably due to the proliferation of tumor cells in a 
confined space, high vascular penneability, and the 



;ihvtncA ftt tiincnnnmg lymphatic vessels ['i'^-.Vi). 
Ihis increase in p. also correlates with a reduction 
in tumor blood (low and the development of necro- 
sis in a growing tumor (29). Recent investigations 
of intratumor pressure foadients show that the in- 
icrsuiiat prcsaiuic bi elevated thtou^out Ute tuuioi 
and its drops prccipitv')usly to normal physiological 
values in the tumor periphery (Fig. 4; (30)). Tbis 
pressure profile is in agreement with the predic 
tions of our mathematical model [25-27]. 

In normal tissues and tc^ are appro.ximately 
20-25 and 5-15 mm Hg, respectively [25, 26]. Al- 
though there are no dirca measurements of n,. in 
nimors, ha.<Ad on high vascular permeahiltty and 
high mtersntiai dtfftision coefficient in tumors, one 
would expea higher concentration of endogenous 
plasma proteins in the tumor inteisdtium than in 
normal inicniiiium. Tliis hypudiois b suppoited 
Uy (he data in the literature [33]. As a result, in 
tumors may be higher than (hat in normal tissues, 
and may lead to reduced osmodc Oow. 

As shown in Fig. 4 , pj in txmiors is close to zero in 
the periphery, therefore the filtration of fluid from 
vessels, Jr, would be dose to normal. However, as 
one moves towards the center of the tumor, the 
increase in p; wnnlrl reAwcjp. the ATtravasarmn ot 
tluid. Jr. As stated earlier, conveaive transport of a 
macromolecule is proportional to Jp. therefore, the 
rate of extravasation of a blood-borne macromole- 
cule would be ne»difdble in the center of a tumur 
[23, 26|. Since uaiisvasculai tiauspoa by diffusion 
is negligible for a macromolecule to begin with, 
macromolccular cxtravasadon would be very small 
in the high interstitial pressure regions of a tumor. 
Since high pressure regions usually coincide with 
regions of poor perfusion rate and lower vessel 
surface area, leakage of blood-borne macromole- 
rnlrs from vessels would be further resmctcd [27]. 



Transpon through Interstitial space 

Otiix a uiaciomolecule has cxtravasatcd, its move- 
ment occurs by diffusion and convection through 
the intcrsdtial space [34]. Diffusion is proportional 
to the concentration gradient in the intersdtium, 
and convection is proportional to the interstioal 
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Quid velocity, (cm/s). The lancr, in turn, is pro- 
portional to the pressure gradient in the inteRtiti- 
um. The proponionaJity constant which relates dif- 
fusive flux to the concentration gradient is referred 
to as the intersiiiial diffusion coefficient, D (cmVs). 
and the constant which relates u^ to the pressure 
gradient is referred to as the interstitial hydraulic 
conductivity, K (cm-/mm Hg-s) [29). Values of 
transpon coefficients D and K are determined by 
the structure and composition of the interstitial 
compartment as well as the physicochemical prop- 
erties of the solute molecule. Larger values of these 
parameters lead to less hindered movement of fluid 
and macromoiecules through the inierstitium. Sim- 
ilarly, large values of iniersridal pressure and con- 
centration gradients lead to large conveaive and 
diffusive fluxes. 



Intersacuil transport coefficUnss 

The interstitial space in tumore, in general, is very 
large compared to that in host normal tissues [29). 



Similar to normal tissues, the interstitial space of 
tumors is composed predominandy of a collagen 
and elastic fiber network, Inierdispersed within 
this cross-linked structure arc the interstitial fluid 
and macromolecular constituents (polysaccha- 
rides) which form a hydrophilic gel. WhUe collagen 
and clastin impart struaural integrity to a tissue, 
the polysaccharides (glycosaminoglycan and pro^ 
teoglycans) are presumably responsible for the re- 
sistance to fluid and macromolecular motion in the 
intcrstitium. In several tumors studied to date, col- 
lagen content of tumors is higher than that of the 
host normal dssuc. On the other hand, hyaluronaie 
and proteoglycans are, in general, present in lower 
concentrations in tumors than in the host normal 
tissue (29). The lower concenuauon of these poly- 
saccharide molecules is presumably due to in- 
creased activity of lytic enzymes, e.g., hyaluroni- 
dasc, in the tumor interstitial fluid [5]. 

The large interstitial space and low concentra- 
tions of polysaccharides suggest that values of K 
and D should be relatively high in tumors. As a 
matter of fact, the data on hydraulic conductivity of 
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Fig. 5. Molecular weight dependence of effective diffusion coef- 
ficient. D. of dcxtrans (36. 37]. bovine senim albumin (361 and 
rabbit IgG (38] in water, tumor, and nonnal (mature gran- 
ulauoo) tissue. Nou that transport is hindered in both tissues 
compared with water and that there is tremendous heteto- 
jcncity in both tissue types. Despite higher values of D in 
rumors compared with nontumor tissues, raacromolccules do 
not reach uniform conccnaaiion in a large tumor for a long time 
because of large diffusion distances and large size of molecules. 
Hote that the proteins show the same trend, i.e. . the iutcrsiiiial 
diffusion coefficient is higher in nonnal tissue and lower in 
mmor tissue than the corresponding molecular weight dexirans. 
The symbols represent: 

a Dexiran-Waicr O -AJbumin-Waier O IgG-Waier 
Q Dcxtran-Tumor ^ Albumin-Tumor Q IgG-Tumor 
■ Dexiran-Normal # Albumtn-Normai • IgG-Normal 
(Reproduced from (36) with pcnnission.) 



hepatoma 5123 [35] and the data on effective diffu- 
sion coefficients of various macromolccules in VX2 
carcinoma (Fig. 5) [36-38) suppon this hypothesis. 
An order of magnitude higher values of D and K in 
tumors compared to several nonnal tissues should 
favor movement of macromolccules in the tumor 
intcrstitium- Then, why do the exogenously in- 
jected macromoleculcs not distribute uniformly in 
tumors? As discussed below, there are two reasons 
for this apparent paradox: 



Large distances in the intenritium 

The time constant. T[>, for a molecule, with diffu- 
sion coefficient D» to diffuse across distance / b 
approximately P/iD. For diffusion of IgG in tu- 
mors (using D from Fig, 5), t© is of the order of 1 
hour for 100 /mi distance, -2 days for 1mm dis- 
tance and - 7-^ months for 1 cm disunce [25, 38] 
(Fig. 6). These numbers are consistent with the 
data on the penetration of MAbs in spheroids [39). 
Now consider a hypothetical tumor which is uni- 
formly perfused, has nearly zero Pi, and has ex- 
change vessels -200 Mm apan. In such a tumor. 
IgG would reach uniform concentration in — 1 
hour post injeaion provided the plasma concentra- 
tion remains constant. In a normal tissue with the 
value of D lower by an order of magnitude (Fig. 5), 
it will take - 10 hours to reach - 16% concentra- 
tion. 

Now consider a more realistic situation, where 
the tumor vessels are -lOO^m apan and uni- 
formly perfused, but pi has increased in the center 
so that fluid extravasation, and, hence, convectivc 
transport of macromolccules across vessels has 
stopped. In such a case the only way macromolc- 
cules cxtravasaie in the center is by the slow pro- 
cess of diffusion across vessel walls. Also they can 
reach the center from the periphery (where p^ is 
near zero) by interstitial diffusion. As stated earii- 
er, if the distance between the center and periphery 
is - 1 mm, it would take days for them to get there 
and if it is - 1 cm, it would take months {25. 38). If 
due to elevated Pi and cellular proliferation, the 
central vessels have collapsed completely, then 
there is no delivery of macromoleculcs by blood 
flow to the necrotic center (7). In such a case, there 
are no molecules available for extravasation by 
diffusion across the vessel wall, and consequently 
the central concentration would be even lower [27). 

So far the interstitial movement of molecules 
which do not bind to any cxiravasctilar sites or 
undergo metabolism has been discussed: It is well 
known that the binding reaaion lowers the appar- 
ent diffusion rate, of molecules (40). Therefore, 
although higher affinity of antibody to antigen sig- 
nificanUy increases the antibody's conceniraUon 
proximal to the vessel, it retards their movenicnt to 



r 




Distance, L 9 jim Distance, ^im 

fig, 6. The conceatratiOQ profile of (a) IgG and (b) a low molecular weight ageat (M, « 400: 6.4 x lO-^aa'/sec (36]) at various 

<lKr a n c ft$ as a functioo of time into the tumor inccrstitium using a OQe-<limeQiioaal model. These profiles assume a coimant source of the 
drug outside the blood vessel (L « 0). Now that in a short time (less than an hour) a large fraction of the low molecules has diffiised to 
distances of 1 mm. On the other hand, for IgG. the fraction of antibody arriving at this point in 1 hour is nearly zero. The horizontal 
dotted tines show the time required to reach - 16% of the source concentration at distance L from the vessel wall. (Reproduced from 
(36] with pennissioD.) 



distal locations in the interstitiiim unless the anti- 
gcxis arc sattiraicd (41-44). The metabolism of ami- 
bodies in normal and tumor tissues is poorly under* 
stood. However, the products of metabolism are 
usually smaller in molecular weight, and hence may 
be cleared relatively rapidly [43]. 

Intenniial fluid loss from tumor* s periphery 

It is a well known law of physics that fluid flows 
from a high to a low pressure region. As discussed 
earlier, pi is high in the center of tumors and low in 
the periphery. Therefore one would expect inter- 
stitial fluid motion from the center of a tumor to- 
wards its periphery from where it will ooze out into 
the surrounding normal tissue. Using a tissue iso- 
lated tumor preparation, Butler et al. [45] mea- 
sured this fluid loss to be 0. 14-0.22 ml/h/g-iissue in 
four different rat mammary carcinomas. In various 
animal and human (xenograft) timiors studied to 
date, l-147o of plasma entering the tumor has been 
found to leave from the tumor's periphery [22. 
45-47]. This fluid leakage leads to a radially out- 
ward interstitial fluid velocity of 0. 1-0. 2 moi/s at the 



periphery of a 1cm tissue-isolated' tumor [20]. 
[The radially outward velocity is an order of magni- 
tude lower in a tumor grown in the subcutaneous 
tissue or muscle [25-26].] A macromolcculc at the 
tumor periphery has to overcome this outward con- 
vection to penetrate into the tumor by diffusion. 
The relative contribution of this mechanism of het- 
erogeneous distribution of antibodies in tumors is, 
however, smaller than the contribution of hetero- 
geneous extravasation due to elevated pressure 
and necrosis [25-27, 43]. 

Coodusions and strategies for improved delivery 

Antibodies linked to radionuclides, drugs, toxins, 
enzymes, growth factors and effeaor cells offer a 
promising approach to the treatment of solid tu- 
mors. Their strenghts include their high degree of 
specificity for tumor-associated antigens and the 
faa that exchange vessels and interstidum of m- 
mors are more *leaky' to macromolecules than 
those of several normal tissues. Their clinical limi- 
tation, however, results from their inadequate up- 
take and non-optimal distribution in tumors. The 
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physiological factors which coniribuic to the poor 
delivery in tumors include - heterogeneous blood 
supply, interstitial hypertension, and relatively 
long transpon distances in the inicrstiiium (Table 
1). How can these physiological barriers be over- 
come? 

Several physical (e.g., radiation, heat) and 
chemical (e.g., vasoactive drugs) agents may lead 
to an increase in tumor blood flow or vascular 
permeability (7, 11, 48). A key problem with this 
approach is that the increase in blood Oow is short- 
lived and usually confined to weU-vascularized re- 
gions. Increased delivery of macromoiecules to 
wcil-perfused regions may not solve the maldistri- 
bution problem. However, an increase in the diffu- 
sive component of vascular permeability caused by 
these agents may increase the antibody uptake (49» 
50). 

The second approach may be based on lowering 
the tumor interstitial pressure. The interstitial hy- 
pertension restilts presimiably from interstitial 
fluid accumulation which, in turn, results from the 
lack of functioning lymphatics in tumors (5, 25, 29, 
30]. Since K is a key determinant of interstitial fluid 
motion, any method which increases K may lower 
pressure. Use of lytic enzymes (e.g., hyaluroni- 
dase) to increase K is one possibility [35]- An al- 
ternate strategy would be to lower the tumor cell 
density without destroying the vasculature. Wheth- 
er fraaionaicd radiation or other therapies (e.g. 
TNF) lowers p^ in tumors via this mechanism re- 
mains a plausible hypothesis to be tested [20, 25]. 
[In support of this hypothesis, we have recently 
found that in human cervical carcinomas, the pres- 



sure deaeased during fractionated radiation treat- 
ment in some patients.^] The use of an osmotic 
agent (e.g. manniiol) may increase Jt^, and hence 
increase antibody penetration (51). However, this 
increase must have a long duration to yield praai- 
caJ results. 

The third approach may be based on increasing 
the interstitial transpon rate of molecules. Use of 
cocktails of antibodies may not overcome this 
problem because each antibody has to cross the 
same physioIogicaJ barriers. One method of ac- 
complishing this goal would be to use lower mole- 
cular weight agents, e.g., antibody fragments F^^y^ 
and F^. While the fragments have higher values of 
P and D compared to the intact antibody and 
hence, penetrate deeper into tiimors, there are two 
physiological problems associated with their use - 
they are eliminated more rapidly from blood, and 
their uptake into normal tissues is also increased. 
The elimination problem can be overcome by re- 
peated or continuous injections of non-immuno- 
genic fragments of chimeric or human antibodies. 
However, as the molecular weight is lowered fur- 
ther, the normal tissue toxicity problem may be- 
come more pronounced similar to that encoun- 
tered with conventional anticancer agents (mole- 
cular weight < 2,000) (52, 53). Some of the prob- 
lems with the systemic toxicity may be overcome by 
local injection (e.g., inira-ancrial, interstitial, in- 
traperitoneal) at the cost of not being able to reach 
the distant metastases. If the toxicity to normal 
tissue could be overcome, combination of local and 
systemic injections would be mo'rc effective. Simi- 
larly, delivering low molecular weight agents (e.g.. 



Table J, Physioiogic«l promises aod problems io (he <ldivery of macromoieculei to tumon 



Promises 

• Relatively high degree oi spectfidcy of antibodies for tumor-assodatcd antigens 

• ReUCively Urge vascular penDeability. intentitiai dUfusion coeffideni. and hydraulic conducdviry 

Problems 

• Heterogeneous blood supply 

• Elevated interstitial pressure 

• Fluid loss from periphery 

• L^ge distances in the interstioxun 

• Large affinity ax>d heterogeneous binding 

• Metabolism 
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drug» loxin. enzyme, hormone) linked to MAbs 
and releasing them once they have exiravasated or 
entered cells seems reasonable. However, once a 
small molecule is uncoupled from the antibody it 
may diffuse back into a nearby blood vessel, and 
may be rapidly eliminated. 

Ideally, an antibody should have a high specifici- 
ty and low molecular weight. To this end, recent 
developments in producing recombinant DNA 
monoclonal antibodies have already yielded small- 
er antibody fragments (e.g., andbody binding site, 
molecular recognition unit). In addition, two other 
approaches seem to satisfy the requirement of low 
molecular weight with increased specificity: the use 
of low molecular weight chelates with bifunctional 
antibodies (BFA) [54] and the use of low molecular 
weight prodings with enzyme-conjugated antibod- 
ies (EGA) [55]. In these two-step approaches, 
BFA (or EGA) is injected into a patient, permitted 
to bind to antigenic sites in the tumor, and then 
cleared from the normal tissues. At an appropriate 
time later, a radionuclide anached to a low mole- 
cular weight chelate (or a prodrug) is injeaed into 
the patient with the advantage of rapid delivery to 
the tumor and clearance from the body. An in- 
crease in antigen expression and/or affinity may 
help this approach. The number of antigenic sites 
may be increased using biological response mod- 
ifiers such as interferon [56]. This would increase 
the concentration of antibody near the blood ves- 
seb, but would not increase the depth of pene- 
tration until the antigens are saturated [43, 44]. 
One way of overcoming some of the problems of 
poor antibody localization is to use radioisotopes 
with large tumor dose deposition and large depths 
of penetration; however toxicity to normal tissues 
may become a limiting faaor. Protecting bone 
marrow using growth factors (e.g., imcrleukin-I, 
colony stimulating faaors) or with bone marrow 
transplant may alleviate the normal tissue toxicity 
problem. Another method is to combine antibody 
treatment with other modalities (e.g., radiation 
sensitizers, low molecular weight cytotoxic drugs to 
synchronize cell cycle, hyperglycemia to lower pH 
[57]) depending upon the tumor type. Finally, anti- 
bodies direaed against the necrotic tissue may ex- 
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ploit the ^reservoir' phenomenon seen in tumors 
[25-27, 43, 52). 

In contrast, the physiological barriers discussed 
in this anide may not be a problem for: (i) radioim- 
munodetection, (ii) treating leukemias, lympho- 
mas and small tumors (e.g., micrometastases) in 
which the interstitial pressure is low and diffusion 
distances are small, (iii) treatment of adequately 
perfused, low pressure regions of large tumors [58], 
and (iv) treatment with andbodies direaed against 
the tumor endothelial ceils or microenviroimient of 
the subendothelial matrix. We have recently shown 
that activation with lymphokines increases the rig- 
idity of LAK cells [59] . These results suggested that 
the uptake of LAK cells might be inaeased by 
intra-arterial tnjeciion of these cells into an organ 
infiltrated by tumor metastases [59]. We have in- 
deed found this to be true in VX2 carcinoma grown 
in rabbits [60]. These results suggest that in addi- 
tion to the direa cytotoxicity against cancer ccQs. 
the LAK cell therapy may be vasculature mediated 
[60]. Thus LAK cells may be useful as drug carriers 
to the solid tumors [60, 61], and may complement 
anti-angiogenic therapeutic approaches [6]. In fact, 
the tumor vasculature and the subendothelial ma- 
trix may be a target for several conventional and 
novel therapies (e.g., TNF, hyperthermia, anti- 
angiogenic faaors), and hence must be exploited in 
cancer treatment. 

These physiological barriers may also not pose 
any problems for treatment with a molecule or cell 
which has nearly 100% specificity for cancer cells. 
Until such molecules or cells are developed, meth- 
ods are urgently needed to overcome or exploit 
these physiological barriers in tumors. It is hoped 
that an improved understanding of tumor physiolo- 
gy will help in developing these strategies: In the 
meantime, the search for highly selective, tumor- 
spedfic agents must go on using in vitro methodol- 
ogies. Once a novel therapeutic agent has been 
identified based on extensive in viiro screening, we 
need to ask whether this agent will arrive in all 
regions of a tumor, and more imponantly. whether 
it will arrive there in therapeutically adequate 
quantities with minimal toxicity to normal tissues. 
Only after the answcn to these questions is positive 
may the agent be considered as a breakthrough. It 
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is also hoped ihai the physiological insight present- 
ed in this article helps in answering these questions 
and subsequently becomes a prerequisite to the 
optimal development of novel therapeutic strate- 
gics for treatment of solid tumors including the 
development of anti-angiogenic modalities as well 
as the delivery of effector cells (e.g., lympholdne 
activated killer cells, tumor infiltrating lympho- 
cytes) to the tumor microcnviroomcnt. 

Key unanswered questions 

• How different are the transport parameters of 
human tumors from those of animal tumors? 

• How can the physiological barriers in tumors be 
overcome predictably and reproducibly using 
chemical or physical agents? 

• What are the optimal size, charge, configuration 
and affinity of a molecule for cancer detection 
and treatment? 

• How can the rigidity, adhesiveness and motility 
of aaivated lymphocytes be modulated to in- 
crease their localization in solid tumors? 

• How can the physical and biological character- 
istics of the tumor vasoiiature and interstitium 
be exploited for cancer treatment? 
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Xbstract 

Prostate-specific membrane antigen iPSMA) is a cell surface glycopro- 
tein expressed predominantly by prostate cancer cells. We have charac- 
terized four monoclonal antibodies that bind to the extracellular domain 
of PS.VIA (Liu et at. Cancer Res^ 57; 3629-3634, 1997). Here we report 
thJt viable LiNCaP cells internalize these antibodies. Laser scanning con- 
f(Kal microscopy reveals that the internalized antibodies accumulate in 
endosomes, and immunoelectron microscopy reveals that endoc>tosis of 
the PS \L\- antibody complex occurs via dathrin-coated pits. In addition, 
•4 quantitative celt surface biotinylation assay demonstrates that PS MA is 
constitutively endocytosed in LNCaP cells and that anti-PSMA antibodies 
increase the rate of internalization of PSMA. These studies suggest that 
PSMA might function as a receptor mediating the internalization of a 
putative ligand. The availability of prostate-specific internalizing antibod- 
ies should aid the development of novel therapeutic methods to target the 
delivery of toxins, drugs, or short-range isotopes specifically to the interior 
of prostate cancer cells. 

Introduction 

PSMA' is the single most well-established highly restricted pros- 
tate epithelial cell membrane antigen (1-8). [n contrast to other highly 
restricted prostate- related antigens such as prostate-specific antigen 
and prostatic acid phosphatase, which are secretory proteins, PSMA is 
an integral cell membrane protein. The PSMA gene has been cloned, 
sequenced f9). and mapped to chromosome Uql4 (10). One of the 
reasons for significant interest in PSMA is that it is ideal for in vivo 
prostate-specific targeting strategies. In addition to its prostate spec- 
ificity (1-8). PSMA is expressed by a very high proportion of PCAs 
( 1 . 2, 4. 6, 7); expression is further increased in higher-grade cancers, 
metastatic disease (4, 6, 7), and hormone -refractory PCA (3, 6, 7). 
PSMA expression is modulated inversely by androgen levels (3. 6). 
Furthermore, PSMA expression has been found in tumor but not in 
normal vascular endothelium (7, 1 1 ), further broadening its interest 
and potential applications. 
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PSMA has been shown to have peptidase (12) and folate hydrolase 
fl3) activity. Although it shares some homology with rat brain /V- 
acetylaied a-linlced acidic dipeptidase (12) and the transferrin receptor 
(9). PSMA does not share the laner's internalization signal (9). The 
function of PSMA with respect to PCA and vascular endothelial cell 
biology and the direct correlation between its expression and increas- 
ing PCA aggressiveness remain intriguing and unclear. 

Until recently, the only available mAb to PSMA was 7EI I.C5 ( 14), 
which targets an epitope located within the short cytoplasmic tail of 
the molecule (15. l6).'As a result, 7EI I.C5 did not bind viable cells 
(1 1. 14. 16). We recently reported the development of four IgG mAbs 
that react with the external domain and define two distinct epitopes of 
PSMA (PSMA^^,, and PSMA„^.: Ref. II). Because these mAbs arc 
capable of binding viable PSMA-expressing cells, we have begun to 
use them in an effort to further understand the function of PSMA. 

Materials and Methods 

Antibodies and Reagents. mAbs JS9I. J4I5. and J533 (all IgGI) and E99 
(IgG3) to PSNIA^,, and mAb 156 (IgGI; negadve control) to inhibin were 
generated as described previously (9). Puiifted mAb 7E1 1.C5 waara generous 
gift from Dr. Gerald P. Murphy (Pacific Northwest Research Foundation, 
Seattle. WA). Secondary antibody reagents conjugated with FITC and Texas 
Red were purchased from Jackson InununoResearch Laboratories (West 
Grove. PA). 

Antibody Uptake. LNCaP cells (15 x 10*) were plated on glass'coverslips 
in 3 5- mm dishes and grown for 2-3 days before initiating the experiments. For 
the tntemalization assay, the cells were washed in RPMI 1640 containing 0.5% 
fatty acid-free BSA (RPVU-BSA) and incubated with mAbs J59I, J415. 
7E1 LC5, or 156 at 4 /ig/mJ in RPMI-BSA at 37*C. When transferrin upialce 
was monitored, FTTC-conjugatcd transferrin (Molecular Probes, Inc.. Eugene, 
OR) was coincubaied along with the respective antibody. The cells were 
washed and further processed for IF and confocal microscopy as described 
below. For immunoelectron microscopic detection of antibody uptalce, the 
above-mentioned procedure was followed, except that (he cells were grown 
directly on 35-mm culture dishes. 

IF and Laser Scanning Confocal Microscopy. After primary mAb incu- 
bation. FITC -conjugated goat anii mouse IgG [Jackson ImmunoRescarch Lab- 
oratories; 1:100 in 1% BSA in PBS (pH 7.4)] was incubated for 30 min and 
washed extensively in l^i BSA in PBS. Slides were mounted in Vectashield 
(Vector Laboratories, Burlingame. CAl. 

The internalization of FITC -conjugated transferrin and antibodies agamst 
PSMA was examined using a Phoibos 1000 laser scanning confocal micro- 
scope (Molecular Dynamics. Sunnyvale. CA) as described previously ( 16). To 
detect FITC- and Texas Red- labeled reagents simultaneously, samples were 
excited at 514 nm with an argon laser; the light emitted between 525 and 540 
nm was recorded for FTTC. and the light e mined above 630 nm was recorded 
for Texas Red. Serial optical sections of die monolayer were recorded at 0.4 ^ 
intervals. A total of 30-40 horizontal (X-Y) confocal sections were obtained 
for each cell type and used to generate three-dimensional images using the 
Image Space software program (version 3.01; Molecular Dynanucs) on an Iris 
Indigo Workstation (Silicon Graphics. Mountain View, CA). 
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KM. After antibody incubation at 37'C for 2 h, the cells were washed in 
PBS in BSA. fixed for 20 min in cold methanol, and hydraied in PBS in BSA. 
Cells were then incubated for 1 h with l5-nin gold beads conjugated with goat 
antinwuse IgG {Amersham Ufe Science. Inc.. Arlington Heights. IL). After 
washing, the cells were fixed in 2.5* glutaraidehyde for 15 min. scraped 
gently, pelleted, and processed for EM as described previously (11. 17). 
ElccTion micrographs were taken with a Joel 100 CX electron microscope. 

CeU Surface BiotjjiyUtion Assay for Endocytosis. Biocinylation assays 
were performed as described by Bretscher and Lutier (18). Briefly, LNCaP 
cells f60 X Iff*) were grown on polylysine f3%)-coated 60-mm dishes. Cells 
were washed in prccooled PBS containing 1 m.M each of calctum chloride and 
magnesium chloride. To biotinylate the cell surface proteins, cells were treated 
with the water-soluble, membrane -impermeable, cleavable biocin analogue 
sulfosuccinimidyl 2-rbiocinamido) cthyl-1.3-dithioproprionatc (NHS-SS-bio- 
tin: Pierce Chemical Co.. Rockford. IL; 0.5 mg/mJ ) at 4*C for 20 min and then 
washed in RPMI-BSA. Two control dishes were kept on ice, whereas the other 
dishes were incubated at 37'C. The incubation was stopped at various times by 
transferring cells back to 4''C. After washing in 10% PCS in PBS. the cells 
were incubated twice for 20 min in reducing solution [310 mg of glutaihione- 
free acid (Sigma. Sl Louis. .MO) dissolved in 17 ml of H,0; 1 ml of 1.5 m 
NaCl. 0.12 ml of 50% .VaOH. and 2 ml of serum were added just before use] 
to remove the residual cell surface exposed biotin. One control dish was 
reduced, and the second dish was not reduced, thereby serving as 0 and 100% 
biotinylation references, respectively. .After washing, free sulfhydryl groups 
were quenched in iodoacetamide (5 mg/ml; Sigma) in BSA in PBS for 15 min. 
Cells were lysed. and PSMA was immunoprecipitaied as described previously 
(11). Immunoprecipicates were analyzed by SDS-PAGE under nonreducing 
conditions. The gels were transferred to nitrocellulose membranes, and the 
blots were probed with '-^I-streptavidin {.Amersham.l. autoradiographed. and 
quantified using a densitometer (Molecular Dynamics). 

Results 

Staining of Viable Cells and Internalization of mAbs. IF anal- 
ysis of viable LNCaP cells incubated with mAbs J591. J533, E99, and 
J415 at 4°C showed distinct plasma membrane staining (data not 
shown), whereas mAb 7E1 1.C5 revealed no plasma membrane stain- 
ing. Incubation of cells at 37**C with mAb J591 revealed labeling of 
both plasma membrane and intracellular vesicles (Fig. 1). After a 
5-inin incubation at 37*0, the labeling was detected primarily on the 
plasma membrane (Fig. LA), At 20 min, distinct staimng of intracel- 
lular vesicles was apparent (Fig. Ifl), and at 180 min. intense labeling 
was observed in the juxtanuclear region, with sparse labeling through- 
the cytoplasm (Fig. \Q. mAbs J415, J533, and E99 gave identical 
results (data not shown). mAb 7E11.C5 showed neither cell surface 
nor intracellular staining (data not shown) in these viable cells. These 
results indicate that mAbs to PSMA„„ are internalized by viable PCA 
cells. 

Endosomal Localization of Internalized Antibodies. To test 
whether internalized antibodies accumulate in endosomes, a simulta- 
neous uptake of mAbs and FTTC-labeled transferrin (an endosomal 
marker) was carried out. Laser scanning confocal microscopy re- 
vealed that internalized J591 (Fig. 2A) and transferrin (Fig. 2Q 
codistributed to a large extent (Fig. 2£). indicating that the internal- 
ized PSMA-antibody complex accumulates in endosomes. Control 
experiments with 7E11.C5 confirmed that this antibody is not inter- 
nalized (Fig. 2, B, D, and F). 

lEM. lEM of nonpermeabilized LNCaP cells at 4'C revealed mAb 
J591 binding to the extracellular side of the plasma membrane (11). 
EM of viable LNCaP cells incubated with mAb J591 at 37*C for 10 
min showed an accumulation of gold particles in clathrin-coated pits 
(Fig. 3, A and B) and in vesicles close to the plasma membrane (Fig. 
30. After ?. 2-h incubation at vesicles containing gold beads 
were found in a juxtanuclear location (Fig. 3D). These findings 
indicate that mAb J591 internalization occurs via clathrin-coated pits 
in LNCaP ceUs. 
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Fig. 1. Internalization of mAb J59I in LNCaP cells. Live cells wcie incubated 
mAb J59! for 5 (A), 20 (B), and 180 (O min. Cells were then permeabilized and 
with FTTC-conjugated secondary andbody to visualize intemalizcd mAb J591. 
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Internalization of PSMA. A ceil surface protein biotinylation 
assay was developed to test whether PSMA is internalized in the 
absence of antibody, or whether antibody binding induces PSMA 
internalization. In this assay, a cleavable biotin analogue (NHS-SS- 
biotin) was used to label proteins exposed on the surface at 4°C. The"" 
return of surface biotinylated cells to a temperanire of 37°C allows the 
internalization of the appropriate cell surface proteins with their biotin^ 
tag. The NHS-SS-biotin label is removed from nonintemalized < 
surface proteins through cleavage of the disulfide linkage with gluU 
thione (18), whereas internalized biotinylated proteins are prott 
fix)m this cleavage. The appearance of biotin- labeled protein that ^ 
resistant to glutathione reduction was taken as an indicator of inu 
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Fig. 2. Confocal microscope analysis ot the 
internalization mAb J59t. LNCaP cells were in- 
cjoaied *ith mAb J 591 and FITC -conjugated 
transferrin iA. C. and Ft or mAb 7Ei LC5. and 
FITC -conjugated iransfcmn iB. D. and Pi for 2 h 
ind processed for IF as described in "Materials 
ind Methods.- mAbs J59I M » and 7E1 1.C5. iB) 
•Acre detected with a Texas Red-conjugated sec- 
ondary antibody. FlTC-conjugated transferrin 
upiake is shown iC and D). Images in .4 and C 
urrc merged to obtain the image in £ (mAb J591 
and FTrC<onjugated transferrin co localization, 
y^//o>*-K Images in B and D were merged to 
obtain the image in F. in which only transferrin 
uptaJtc is seen because 7E1I.C5. neither binds 
nor internalizes. 



nalization. As shown in Fig. 44, biotinylated PSMA is sensitive to 
glutathione reduction after labeling cells at 4°C (Fig. 4A. compare 
Lanes I and 2). However, with progressively longer incubation peri- 
ods at 37°C, an increasing proportion of the labeled PSMA becomes 
increasingly resistant to reduction (Fig. 4A, Lanes 3-6). Quantitation 
of the blots revealed that 60% of the total cell surface PSMA was 
internalized (Fig. 40 within 2 h. 

^V'hen the biotinylated cells were incubated with 1 ^g/nil mAb J59I 
at 37°C, a 3-fold increase in the rate of internalization of PSMA was 
observed (compare Fig. 4B, Lanes 5 and 4 and Fig. 4Z)). A higher 
concentration of mAb J591 did not show any further increase in the 
internalization of PSMA (Fig. 4B, Lanes 5-7\ Fig. 4D). Similar results 
were obtained with monovalent Fab fragments (data not shown). 



Discussion 

The prostate -restricted nature of PSMA. coupled with the direct 
association between the level of PSMA expression and increasingly 
aggressive disease (4), implies a potentially important role for PSMA 
in PCA biology. The importance of understanding the function of 
PSMA is further stimulated by its expression in vascular endothelium 
specifically supplying cancers but not in normal, resting endothelium 
(7, II). In the past, investigating PSMA function has been compro- 
mised because the sole antibody to PSMA reacted with a cytoplasmic 
epitope of the molecule and therefore bound only to cells that were 
permeabilized or dead (11, 14, 16). Our recent development of mAbs 
to the extracellular domain of PSMA and their demonstrated ability to 
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Fig, 3. lEM of the internalized mAb J59I in LNCaP cells. Cells were incubated with J591 ai 37*C for 10 min (A~0 or 2 h {D> and processed for immunogold labeling as d 
in "Matehais and Methods. " Note the accumulation of gold panicles in clathhn-coated vesicles iA and B) and in vesicles proximal to the plasma membrane (O. At 2 h. note t 
accumulation of gold particles in a juxtanuclear region iarrowheadsi N, aucleus. Bars represent 34 M). 65 tfi and O. and 8S nm (D), respectively. 

bind viable cells (1 1) have provided a means to study the function of Constitutive internalization of PSMA may reflect the recyci 



PSMA. 

In this study, we demonstrate by a combination of microscopical 
and biochemical techniques that PSMA and mAbs co PSMA^^ are 
internalized by LNCaP cells. Confocal microscopy and lEM reveal 
thai PSMA- mAb complexes are endocyiosed via clathrin -coated pits 
(Figs. 2 and 3). A quantitative cell surface biotinylation assay dem- 
onstrates that PSMA is constitutively internalized in the absence of 
antibody binding. At 20 min, 15% of the total biotinylated surface 
PSMA is internalized (Fig. 40. The proportion of surface PSMA 
internalized increases to 60% at 60 min and remains fairly constant at 
that level for 240 min thereafter, when the assay was terminated. The 
stability of the labeled PSMA for a period of over 6 h (data not shown) 
indicates that PSMA degradation during this period is minimal. In- 
ternalization of only 60% of the total labeled surface PSMA may be 
explained by the recycling of intcmalized, biotinylated PSMA back to 
the cell surface,* where it would be reduced and rendered undetectable 
in this assay. 



^ H. Uu. R. Rahmad. and N. H. Bander, unpublished observations. 



Structural protein through a plasma membrane location or 
mediated by the binding of a ligand. Whereas the finding that^ 
PSMA antibody significantly increases the rate of intei 
PSMA is consistent with the latter ligand receptor-type functiottr 
does not necessarily indicate that PSMA has a transport function. Ur 
the presence of mAb to PSMA^,,. the rate of internalization of PSMA 
increased up to 3-fold in a dose -dependent manner, reaching a max- 
imum rate at an antibody concentration of 1-2 txg/ml (Fig. 4). \ 
similar increase in the internalization rate has been shown for epider- 
mal growth factor and its ligand (19). 

It is well established that many ligands and their transmembrane 
receptors are internalized via clathrin-coated pits ( receptor- medi; 
endocytosis) (20). The formation of antigen-antibody complexes 
the cell surface often results in internalization through a path' 
closely resembling the receptor-mediated endocytosis of peptide, 
mones, growth factors, and other natural ligands (21). Based on 
findings, we hypothesize that PSMA may have a transport 
an as yet unidentified ligand. The baseline internalization 
PSMA may indicate that PSMA may internalize in die ab: 
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Fig. 4. mAb-indcpendeni M and O and mAb-induccd ( S and Di internalization of PSMA. The cell surtacc was biotinvlaied at 4»C with NHS-SS-bioiin and then transferred to i?^. 
8toun was reduced at 4''C with glutathione as described in "Materiali and Methods." PSMA »as immunopreciptuted. 'run on a 10* SDS-PACE. and detected with l-snepuvidin 
Lanes in .4 are as follows: Lane !. incubation at JO'C with no reduction ( 100* controh: Lane 2. incubation at 4«C followed bv reduction (0* contTOl): and Unes S-6. incubation 
at 37»C for 20. 60. 120. and 240 min followed by reduction. Note the complete reduction of biocinylated PSMA in Lane 2 compared with Lanes 3-6, indicating that PSMA is 
internalized. Densitometnc quantitation (O revealed thai approximateiv 60*^1- of the toul ceil surface PSMA is internalized. mAb J59I induced the iniemaiizaiion of PSMA iB and 
0). LNCaP cells were biotmyiaied at 4'C and incubated with different amounts of mAb J591 for 20 min at 37''C. Unes in S are as follows: Une L incubation at 4»C with no reduction- 
Une 2. incubauon at 4-C toilowed by reducuon; and Unes 3-7. incubation at 37'C with 0. I. 2. 4. and 8 >ig/mi J59I followed bv reduction. Note the increased upuke of PSMA in 
(he presence of I ^ig/ml J59l yLane 4^ compared with Lane 3. in which no antibody is present. Increasing the mAb J59i conceiitration above I Mg/ml did not increase the uptake, 
indicating a saturation of PSMA uptake. Densitometnc quantiudon iD) revealed that I jig/ml mAb J591 increased the uptake of PSMA by appfT>timatcly 3-fokl. 



ligand. or. alternatively, that the PSMA ligand may be present in the 
culture medium. Similarly, mAb or mAb fragments act as a surrogate 
ligand, inducing an increased rate of internalization. The internaliza- 
tion pattern seen in this study may have been influenced or modified 
by the presence of mAb (22) and may not reflect the natural internal- 
ization pattern. 

The targeting of most receptors to coated pits and their traffic 
through the endocytic companment are thought to be mediated by 
a specific internalization motif in the cytoplasmic domain of the 
receptor (20). The first well-characterized internalization motifs of 
several receptors, including the transferrin receptor, mannose-6- 
phosphaie receptor, asialogylcoprotein receptor, polymeric immu- 
noglobulin receptor, and others, are all tetrapcptides (Tyr-Af-Arg- 
Phe) having an aromatic residue in the founh position of the 
sequence (23). The cytoplasmic tail of PSMA lacks a sequence 
similar to the Tyr-X-Arg-Phe motif (9). Another signal is the 
dileucine motif, for which the only known requirement is the 
presence of two consecutive leucines or a leucine -isoleucine pair. 
The dileucine motif has been shown to mediate internalization and 
targeting to endosomes and lysosomes (24). A dileucine motif is 
present in the cytoplasmic tail of PSMA. Experiments are under 
way to confirm the dileucine internalization motif of PSMA. 
Interestingly, whereas PSMA is 85% homologous to a rat brain 
neuropeptidase (24). this homology is located primarily at the 
COOH-termini and declines to less than 50% homology at the 
NHj-iermini. Funhermore. rat brain neuropeptidase lacks both the 
Tyr-.V-Arg-Phe and dileucine motifs (25) and presumably does not 
internalize. Therefore, the highly restricted expression of PSMA 
becomes increasingly PCA-spccific via different mechanisms. For 
example, at the niRNA level, normal and benign hyperplastic 
prostate epithelia predominantly express the cytosolic PSM' splice 
variant without a significant membrane-expressed component, 
whereas in PC A, the membrane form predominates by 10- 100- fold 



(26). Another form of functional specificity is demonstrated in rat 
brain astrocytes (25); although there is expression of a homologous 
neuropeptidase, this neuropeptidase is presumably not internalized 
as is PSMA in PCA cells. 

The property of mAbs to PSMA^^^ to be internalized in PCA cells 
adds another dimension to their in vivo therapeutic potential. In 
addition to selective/specific binding to the PCA cell surface, the mAb 
or fragment would be internalized into the targeted cells, providing 
direct access to the neoplastic cell machinery. As such, this property 
opens up options such as the use of toxin or drug conjugates. Simi- 
larly, the juxtanuclear location of the internalized vesicles should 
increase the potency of mAb-a particle conjugates by improving the 
incident angle of the isotope and the target DMA. 

Lastly, although mAb may function as a siirrogate ligand, the 
question remains as to the identity of the putative natural ligand of 
PSMA. Troyer et ai (16) noted a 40,000 band that coimmunopre- 
cipitated with PSMA that they identified as 5-glutamic oxalacetic 
transaminase. We have not been able to demonstrate the binding of 
S-glutamic oxalacetic transaminase to PSMA (data not shown). Fur- 
ther study will be required to define the putative natural ligand. which, 
in turn, may shed additional light on the role of PSMA in cancer 
biology and tumor angiogenesis. The natural ligand. if similarly 
restricted in its tissue receptor binding profile, may substitute for the 
mAb in a targeted therapy approach. 
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Abstract 

ProsUte-speciflc membrane antigen (PSMA)* initially deflned by 
monoclonal antibody (mAb) 7E11, is a now well-characterized type 2 
Integral membrane glycoprotein expressed in a highly restricted man- 
ner by prostate epithelial cells. 7EU has been shown to bind an 
intracellular epitope of PSMA that« in viable cells, is not available for 
binding. Herein, we report the initial characterization of the first four 
reported IgG mAbs that bind the external domain of PSMA. Compet- 
itive binding studies indicate these antibodies deflne two distinct, 
noncompeting epitopes on the extracellular domain of PSMA. In con- 
trast to 7E1U these mAbs bind to viable LNCaP cells in vitro. In 
addition, they show strong immunohistochemical reactivity to tissue 
sections of prostate epithelia, including prostate cancer. These mAbs 
were also strongly reactive with vascular endothelium within a wide 
variety of carcinomas (including lung, colon, breast, and others) but 
not with normal vascular endothelium. These antibodies should prove 
useful for in vivo targeting to prostate cancer, as well as to the vascular 
compartment of a wide variety of carcinomas. 

Introduction 

PSMA' is a highly restricted prostate epithelial cell membrane 
glycoprotein of approximately 100 kDa (1,2). The PSMA gene has 
been cloned, sequenced (2), and mapped to chromosome 1 lql4 (3). 
In contrast to other highly restricted prostate -related antigens such 
as PSA, prostatic acid phosphatase, and PSP, which are secretory 
proteins, PSMA is an integral membrane protein. Among the 
reasons for significant interest in PSMA is that it is ideal for in vivo 
prostate-specific targeting strategies. In addition to its prostate 
specificity (1, 2, 4, 5). PSMA is expressed by a very high propor- 
tion of PCas (6); this expression is further increased in higher- 
grade cancers, in metastatic disease (6), and in hormone- refractory 
PCa (5-7). 

The initial validation of PSMA as an in vivo target has been borne 
out by imaging trials with mAb 7EU/CYT-356 (8-11). However, 
epitope mapping indicates that 7E1 l/CYT-356 targets an intracellular 
epitope (12, 13). In viable cells, this binding site is not accessible to 
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an antibody (1, 13). Successful imaging with 7E1 l/CYT-356 probably 
relates to the targeting of dead/dying cells within tumor sites (6. 12. 
13). It has been noted (2, 12-14) that a mAb to the extracellular 
domain would provide benefits, including improved in vivo localiza- 
tion and enhanced imaging and therapy. In this study, we report the 
development of four IgG mAbs to the external domain of PSMA. 
These mAbs also have been found reactive to vascular endothelium 
within a wide range of carcinomas but not with normal endothelial 
cells. 

Materials and Methods 

Generation and Production of mAb. BALB/c mice were immunized 
three times with LNCaP cells or a primary culture of PCa epithelial cells. 
Spleen cells were fused with X63.Ag.653 mouse myeloma cells using standard 
hybridoma technique. Clones that were reactive against LNCaP but unreactive 
against tissue sections of normal kidney (with the exception of some proximal 
tubule reactivity) and colon were subcloned. Murine ascites fluid was pro- 
duced, and mAbs were purified using protein G (Pharmacia LKB Biotechnol- 
ogy, Piscataway, NJ). Purified mAb 7E1 1 was a generous gift from Dr. Gerald 
P. Murphy (Pacific Northwest Research Foundation, Seattle. WA). 

Immiinohistocheinical Staining. Normal and cancer tissues were pre- 
cooled in liquid nitrogen, snap-frozen in OCT compound (Miles Inc.. Elkhart. 
IN) on dry ice, and stored at -80°C. Cryostat tissue sections (5 ^) were fixed 
in cold acetone (4''C) for 10 min. mAbs (5 ^g/ml or hybridoma supcmatants) 
were incubated for 1 h at RT. Antibody binding was deteaed using rabbit 
antimouse immimoglobulin-pcroxidase (DAKO Corp., Carpintcria, CA) as a 
secondaiy antibody and diaminobenzidine (Sigma Chemical Co.. St. Louis, 
MO) as chromogen. Isoiype- matched irrelevant antibody was used as a neg- 
ative control. 

Cross Immunopredpltation. LNCaP cells were lysed in lysis buffer [20 
mM Tris/HQ, pH 8; 1 mM EDTA; 1 niM phenylmcthylsulfonyl fluoride; and 
1% (v/v) Triton X-100]. The resulting lysaic was precleared by incubarion with 
protein G beads overnight at 4®C, then incubated with mAb for 2 h. Protein 0 
beads were added for 90 min prior to further washing. The beads were 
resuspended and boiled for S min in 1 x Lacmmli sample buffer containing 
2-mcrcaptoethanol at 5% final concentration. The samples were centrifuged. 
and supernatant was recovered and placed on a 12% SDS-PAGE gel. After 
electrophoresis, the separated proteins were transferred to a nitrocellulose 
membrane. The membranes were blocked with 5% dry milk/TBST (Tris- 
buffered saline-Tween 20), incubated with primary mAbs x 60 min and 
followed by sheep antimouse immunoglobulin- peroxidase (Amersham Corp., 
Cleveland, OH). After washing, the membranes were developed using the 
enhanced chemiluminescencc method (Amersham). Either 0.15 /ig/ml J591 or 
0.5 Mg^ml 7E1 1 was used as a probe to detect the protein that was immuno- 
precipiiated by 7E11. J591. J533. J415. and E99, respectively. Isotype- 
matchcd irrelevant antibody (156; reactive to PSP) was used as a negative 
control. 

IF Assay. LNCaP cells were grown on glass coverslips. IF assays were 
performed using cither viable or fixed cells, the latter being either pcrmcabi- 
lized or nonpermeabilized. For fixation, cells were treated with 2% paraform- 
aldehyde-PBS (PBS, pH 7.4) for 30 min at RT, which docs not permcabilize 
the cell membrane, washed with 1% BSA-PBS. quenched for 10 min in 50 mm 
NH4a in PBS. and rinsed with 1% BSA-PBS. Where cell membrane perme- 
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Fig. t. Cross tmmuDoprectpitation shows mAbs J591, J413, J533. E99. and 7EII 
recognize the same antigen. Lane I, cnak LNCaP lysate. In Lanes 2-7. LNCaP lysate was 
immunoprecipitaied with 5 Mg/mJ mAb 7EI I {Lane 2); 5 Atg/ml J591 (Lane 3). 10 *ig/ml 
J533 (Lane 4)-, 10 Mg/tnl MIS {Lane 5); 10 ^ig/ml E99 [Lane tf): and 10 /ig/ml 156 (to 
PSP; Lane 7). Immunoprecipitatcs were immunobloaed with 0.15 Mg/ml mAb J59I {A\ 
or 0.5 /ig/mt TEH (B). 



abilizaiion was desired. 0.075% saponin (Sigma) in \^ BSA-PBS was added 
for 15 min ai RT. 

Primary mAb ai 4 ^g/ml in BSA-PBS (plus saponin in cases of pcrmeabi- 
lization) was incubated for 60 min at 4*C in the case of viable cells or at RT 
for fixed cells. After primary mAb incubation, viable cells were fixed in cold 
methanol for 20 min. FTTC-goat anti mouse secondary antibody (I; 100 in 
BSA:PBS -t saponin: Jackson I mmuno Research. West Grove. PA) was incu- 
bated for 30 min and washed extensively in 1% BSA-PBS. Slides were 
mounted in Vcctashicid (Vector Laboratories, Inc., Burlingame, CA). 

lEM Microscopy. The lEM procedure was similar to the nonpcnneabi- 
lizcd IF assay above. LNCaP cells were grown in 35-mm culture dishes and 
incubated with 10 ^g/ml J591 or 10 M&'ml 7E1 1 for 45 min at 4'C. fixed with 
2% paraformaJdehydc. washed, and quenched as above. After 1% BSA 
washes, cells were incubated with 15-nm gold-conjugated goat antimouse IgG 
(Amersham) for I h. After extensive washing, cells were fixed in 2.5% 
glutaraldehydc for 15 min, gently scraped, pelleted, and processed for lEM as 
described previously (15). Electron micrographs were taken with a Joel lOOCX 
electron microscope. 

Competitive Binding Assay. Biotinylated mAbs were prepared by incu- 
bating 1 mg/ml mAb with O.I ml of biotinamidocaproate Af-hydroxysucci- 
namide ester (I mg/ml: Sigma) in DMSO for 4 h at RT. Unbound biotin was 
removed by dialysis against PBS. 7EI 1 (10 /ig/ml) was coated onto Tenisalti 
plates. Plates were washed with I%BSA-PBS-0.1% Twecn 20. LNCaP mem- 
brane preparations were added to wells for I h at RT. After washing, serial 
dilutions of unlabeled (competing) antibody were added to duplicate wells for 
I h. Biotinylated antibody was added to each well and incubated for an 
additional I h followed by avidin-alkaline phosphatase (Sigma). After wash- 



Fig. 2, Emmumrfiistochemical reactivity of mAb 
J591 to neovasculature of renal (A), uiothcUil (B). 
colon (O. lung (squamous: D), breast carcinomas 
(£). and metastatic adenocarcinoma to liver (f). 
X250. 
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Non-Permeabilized 



Permeabilized 



Fig. 3. Immunofluorescence assay comparing 
the reactivity of mAbs J59 1 . J4 15, J533. and E99 to 
7E1 1 on nonpermeabilized and pcrmeabttized 
LNCaP cells. Intact, nonpermeabilized cells are re- 
aaivc with mAbs i59l (A). J533 (O. J4i5 (£). and 
E99 <C) but not 7E11 (/). Reactivity is limited to 
the celt membrane without cytoplasmic staining, as 
mAbs do not enter the intact cells. Failure of 7E1 1 
to bind (0 is consistent with the intracellular loca- 
tion of its epitope. When the cells are permeabilized 
prior to mAb incubation (B. D, F. H. J), reactivity 
to both cytoplasmic and membrane PSMA is seen. 
After the permeabilization and exposure of the in- 
tracetlular PSMA epitope. 7E1 1 does bind, x 1500. 



J533 



J415 



E99 



7E11 




ing, substrate (para nitrophenylphosphaie) was added, and reactivity was read 
at ^405 nm- Inclcvant antibody (156) was used as a control. 

Results 

From over 2000 clones screened, 4 clones that reacted with a 
lOO-kDa band on Western blots and that produced strong immuno- 
histochemical staining of prostate epithelium were selected for further 
characterization. 

Immunoprecipitation/Inununoblot In Western blot analysis, 
mAbs J59 1 (IgG 1 ), J533 (IgG 1 ), J4 1 5 (IgG 1 ), and E99 (IgG3), as well 
as 7EI1, identified a lOO-kDa band from LNCaP lysate but not from 
the PSMA-negaiive PC3 lysate (data not shown). To confirm that 
mAbs J59I. J533, J4I5, and E99 detected the same antigen as 7E1 1, 



a cross-immunoprecipitation experiment was performed. Fig. I illus- 
trates that the lOO-kDa band that was immunoprecipitated by mAbs 
J59I, J533, J4I5, E99, or 7E1 1 was detectable by immunoblot using 
either J59I or 7EII as a probe (Fig. I, A and B, respectively). 
Sequential immunoprecipitation studies (data not shown) also dem- 
onstrated that 7E 1 1 and the four new mAbs can prcclear reactivity to 
one another. 

Immunohistochemical Reactivity. The reactivity of mAbs J59l,^ 
JS33, J415. and E99 with normal human tissues and cancers, with 
rare exception (vide infra), were similar to 7EII. Normal tissues 
with similar immunohistochemical reactivity included prostate 
(normal and hyperplastic glands demonstrated heterogeneous^ 
weak to moderate staining intensity), kidney (subset of proximal 
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Fig. 4. lEM showing the reactivity of mAbs J591 (j^) and 7E1 1 (B) to viable LNCaP 
cells. mAb J591 localizes to the extracellular surface of the plasma membrane, whereas 
7EI 1 demonstrates no binding. Bar. 0.6 m M) and I.O ^ (B). N. nucleus. 



tubules), and duodenum (weakly reactive). The only normal tissue 
in which we found any difference in reactivity was striated muscle. 
Although 7E11 was strongly reactive to striated muscle, mAbs 
J59U J533, J415, and E99 demonstrated no reactivity. In neoplastic 
tissues, findings were again similar when comparing 7E1 1 to mAbs 
J591, J533, J415. and E99. All 21 PCas studied were strongly 
reactive with mAbs J591, J533, J4i5, and E99, being somewhat 
more intense and more homogeneous than 7E11. As reported 
previously (17), we found 7En reacted with vascular endothelium 
in a subset of tumors. However. mAbs J591, J533, J415, and E99 
reacted more strongly with vascular endothelium in all 23 carci- 
nomas studied (Fig. 2), including 9 of 9 renal, 5 of 5 urothelial, 6 
of 6 colon, 1 of I lung, 1 of 1 breast and 1 of 1 metastatic 
adenocarcinoma to the liver. 

Immunofluorescence Staining of LNCaP Cells. We compared, 
by indirect immunofluorescence, mAbs J591. J533, J415, and E99 
to mAb 7E1 1 on viable or fixed, permeabilized or nonpermeabi- 
lized LNCaP cells (Fig. 3). LNCaP cells with intact plasma mem- 
brane (i.e., either viable (data not shown] or fixed without perme- 
abilization) demonstrated cell surface reactivity with mAbs J591, 
J533, J415, and E99 (Fig. 3, A-C E, C), but not with mAb 7E1 1 
(Fig. 3/)- Only after LNCaP cells were permeabilized could 7En 
reactivity be demonstrated (Fig. 37). Once permeabilized, the 
reactivity of all mAbs appeared both in the cytoplasm and on the 
plasma membrane. 



Immunoelectron Microscopy. lEM similarly demonsffated im- 
munoreactiviiy of mAb J591 (Fig. 4A) but not 7E1 1 (Fig. 45) with 
viable LNCaP cells. Furthermore, the lEM photomicrographs of mAb 
J591 show the gold particles localized to the extracellular face of the 
plasma membrane, confirming reactivity with the cxu^cellular do- 
main of PSMA. 

Competitive Binding Assay. A double antibody sandwich com- 
petition ELISA was used to determine whether the four mAbs recog- 
nize the same or different epitopes (Fig. 5). Each unlabeled mAb was 
able to block its biotinylated counterpart serving as a positive control. 
An unrelated IgGl antibody (156) did not block any of the mAbs to 
PSMA. J591, J533, and E99 were each able to block each other, but 
were not blocked by J415. Conversely. J415 was blocked only by its 
unlabeled counterpan but not by any of the other three mAbs. These 
results indicate that J591. J533. and E99 recognize the same epitope 
that is distinct and noncross-reactive with the epitope recognized by 
J415. 

Discussion 

This study defines four new IgG mAbs that detect two distinct 
extracellular epitopes of PSMA (PSMA^^^, and PSMA^,,2). The 
reactivity of these mAbs with PSMA has been defined by immu- 
noprecipitation and immunoblotting studies and reactivity against 
cell lines (data not shown) and tissue sections using the 7E1 1 mAb 
as a reference. Immunoprecipitation and immunoblotting studies 
demonstrate identical reactivity to that seen with 7E1 1. Reactivity 
in vitro (data not shown) and on tissue sections of normal and 
neoplastic specimens demonstrates nearly identical results. The 
exceptions in immunohistochemical reactivity were limited to stri- 
ated muscle and tumor vascular endothelium. Striated muscle is 
reactive with 7E11 but not with mAbs J591, J415, J533, or E99. 
7E1 1 reactivity with striated muscle had been reported previously 
by Lopes et al (4) who, like the present study, used frozen sections 
but has been reported as negative by Silver et ai (17) who studied 
paraffin sections. This discrepancy is most likely explained by 
some loss of 7E1 1/PSMA immunoreactivity in the fixation/embed- 
ding process. The difference in reactivity of 7E1I and the present 
mAbs to striated muscle, both herein studied on frozen sections, 
may represent differences in the posttranslational processing of 
PSMA (the external domain of which is heavily glycosylated) 
occurring in prostate as compared to muscle. 

Reactivity of 7E11 with tumor but not normal vascular endo- 
thelium also was noted previously by Silver et al (17), although 
7E1 1 reactivity was reported in only half of their renal and urothe- 
lial cancers (15 of 30) and 3 of 19 colon carcinomas. In the present 
study, mAbs J591, J415, J533, and E99 demonstrate reactivity with 
tumor vasculature in all^23 nonprostate carcinomas tested. Some of 
the increased reactivity seen herein may represent the benefit of 
studying frozen as compared to paraffin sections. Within this 
study, when comparing mAbs J591, J415, J533, and E99 to 7EI I 
using a constant tissue preparation (frozen sections), we found 
stronger reactivity with mAbs J591, J415, J533, and E99 than with 
7E11. The most likely explanation for the generally stronger re- 
activity seen with these new mAbs is that they were selected for, 
among other features, strong immunohistochemical reactivity. We 
have not studied the immunohistochemical reactivity of mAbs 
J591, J4I5, J533, and E99 on paraffin sections. 

The initial study with 7E1 1 (1) indicated reactivity to fixed, but 
not viable, LNCaP cells later explained by epitope mapping studies 
indicating the 7E1 1 epitope to be inu-acellular (12). A more recent 
study by Troyer et aL (13) studying ultrathin sections by lEM 
demonstrated 7E1 1 reactivity on the cytoplasmic aspect of LNCaP 
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Fig. 5. Competitive binding assay of biotinylated mAbs. PSMA was first captured by TEll, then unlabeled blocking mAb was added, followed I h later by the indicated 
biotinylated mAb: 0,3 ^tg/ml J591-bioiin (A); 1.25 fig/ml J533-biot!n (B): 0.2 ^g/ml J41S-biotin (O; and 1.25 *ig/ml E99-biotin (D). Each unlabeled mAb blocks its biotinylated 
counterpart (positive control): mAb 156 (to PSP) did not block (negative control). mAbs J591, J533, and E99 compete with each other for binding, whereas J415 does not. 



cells plasma membrane. Troyer et ai (13) also confirmed 7En 
reactivity with permeabilized but not with nonpermeabilized 
LNCaP cells. Our studies comparing 7E1 1 with the present mAbs 
by immunofluorescence assays on viable and fixed, permeabilized 
and nonpermeabilized LNCaP cells confirmed the data published 
previously that 7EI 1 detects an intracellular epitope not available 
for mAb binding unless the cell membrane is disrupted. A recent 
report by Barren et al. (18) represents the sole study indicating that 
7E1 1 can react with viable LNCaP cells. The report by Barren et 
ai is inconsistent with other published work (1, 12, 13), as well as 
the results reported here, and may be due to a technical point. 
Barren et al., after incubating 7E11 with viable LNCaP cells, 
harvested LNCaP for flow cytometry by scraping the cells in the 
presence of 7E11. As scraping can disrupt cell membranes, this 
would have provided 7En access to its intracellular epitope, 
which likely accounts for the reactivity reported. Importantly, 
mAbs J59I, J4I5, J533, and E99, unlike 7E1 1, can bind to either 
viable or nonpermeabilized cells consistent with targeting acces- 
sible epitopes on the extracellular domain of PSMA. Our lEM 
finding of mAb J591 localization on the extracellular aspect of the 
plasma membrane (Fig. 4A). in contrast to the intracellular local- 
ization of 7EII on lEM reported by Troyer et al. (13), provides 
further evidence of reactivity of the present mAbs to the extracel- 
lular domain of PSMA. 



Epitope mapping of the four present mAbs demonstrates that J591, 
J533, and E99 each bind to a single epitope (PSMA^^,,), whereas J415 
binds to a different, noncpmpeting site (PSMA^^ia). This will allow 
the development of a "sandwich" assay to determine the presence and 
measure the level of PSMA in serum, which is an area of some current 
controversy (14, 16). 

By allowing the study of viable cells, these mAbs will be useful for 
studies of PSMA function and PCa cell biology. Recent work indi- 
cates that PSMA has glutaminase (19, 20) activity. Studies are under 
way to determine whether mAbs to PSMA^^n and/or PSMA^^ti can 
block this enzymatic activity and, if so, the effect of such a blockade 
on normal and neoplastic prostate physiology. 

Given prior understanding of PSMA specificity and expression and 
the established ability of 7E11/CYT-356 to localize in vivo to a 
substantially less available epitope, one would anticipate the likeli- 
hood that these new mAbs might demonstrate significantly improved 
in VIVO targeting for imaging and therapy. The inmiunorcactiviiy of 
these mAbs to vascular endothelium of a wide variety of cancers may 
significantly broaden their in vivo utility. 
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Biochemical Characterization 

and Mapping of the 7EI I-C53 Epitope of the 

Prostate-Specific Membrane Antigen 

John K. Troyer, BS, Qi Feng. PhD, Mary Lou Beckett, MS. and George L. Wright, Jr. PhD 



The expression of the prostate-specific membrane antigen 
(PSMA) glycoprotein recognized by the murine monoclo- 
nal antibody (MAb) 7EI I-C5.3 has been shown to be highly 
restricted to prostate epithelium. Although the conju- 
gated form of this MAb (CYT-356) may soon be used clin- 
ically for in vivo imaging of extraprostatic disease, few 
details regarding the nature of the antigenic epitope of 
PSMA have been reported. This study was carried out to 
analyze the MAb 7Et I-C5J epitope on PSMA using stan- 
dard biochemical techniques, and the antigenic epitope 
was mapped with synthetic peptides. The MAb 7En-C5.3 
epitope was susceptible to both periodic acid oxidation 
and proteolytic digestion, which indicated that the antigen 
consisted of a glycoprotein. However, additional biochem- 
ical assays such as sodium borohydride, tunicamycin treat- 
ment, and digestion with glycosidases failed to abrogate 
MAb 7EII-C5.3 binding. Epitope mapping with synthetic 
peptides demonstrated the epitope to be localized to the 
intracellular domain at the N-terminus of the PSMA mol- 
ecule with a minimal reactive peptide consisting of six 
amino acids (MWNLLH). The synthetic peptides were 
treated with periodic acid, which resulted in inhibition of 
antibody binding, suggesting that treatment of the PSMA 
antigen resulted in damage to the peptide chain. These 
data suggest that the MAb 7EI I -C5 J does not recognize a 
glycopeptide as was initially thought, but recognizes an 
intracellular epitope consisting of only the primary poly- 
peptide chain. Further studies are needed to determine 
how CYT-356 is able to image tumors in vivo when the 
antigenic epitope is intracellular. (Urol Oncol 1995:1: 29-37) 



Prostate cancer now exceeds lung cancer as the most 
commonly diagnosed cancer and is the second leading 
cause of cancer death in American men.**^ It is esti- 
mated that by the year 2000, there will be a 37% increase in 
prostate cancer deaths and a 90% increase in prostate cancer 
diagnosis.^ In 1994 alone, there will be an estimated 200.000 
new cases reported.* Although an increase in prostate cancer 
diagnosis may result from improved public awareness and 
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education as well as screening of at-risk individuals.*** a sig- 
nificant challenge will be to maintain the quality of life of 
those individuals diagnosed with this disease and to identify 
those patients who are likely to present with recurrent or 
metastatic disease. 

Much has l>een learned about prostate cancer in recent 
years, yet there are no effective therapeutic strategies for 
recurrent prostate carcinoma/ In most cases of recurrent 
disease, serum prostate-specific antigen (PSA) levels begin to 
rise before the presence of other evidence of disease as as- 
sessed by current diagnostic modalities. As a result, the as- 
sumption is made that recurrent disease is present but is not 
detectable by standard imaging techniques. The clinical use 
of monoclonal antibodies (MAbs) recognizing prostate- 
specific biomarkers may provide a significant advance by al- 
lowing earlier detection of metastatic foci and site-directed 
immunotherapeutic approaches in patients with recurrent 
disease. One such MAb that may prove useful in this regard is 
the murine MAb 7E11-C53, developed using membrane- 
enriched fractions of the LNCaP prostate carcinoma cell line 
as an immunogen.® The antigen recognized by MAb 7E1 1-C53 
is an approximately 100-kD transmembrane glycoprotein® 
designated the prostate-specific membrane antigen (PSMA). 
Recent studies have resulted in the molecular identification 
and characterization of the gene encoding for this prostate- 
specific biomarker.*" The *" indium- labeled conjugated form 
of MAb 7En-C53 ("Mndium G(T-356) has been used to lo- 
calize LNCaP xenograft tumor growth in nude mice and met- 
astatic prostate carcinoma in humans' it has also been 
demonstrated to safely detect sites of prostatic carcinoma 
recurrence after radical prostatectomy.*^-** Clinical trials are 
ongoing to demonstrate further the efficacy of the CYr-356 
immunoconjugate for imaging metastatic prostate disease, 
and studies are underway to determine whether this MAb 
could t>e used for targeted therapy approaches. 

Preliminaiy inununohistochemistry studies'*** have indi- 
cated that the MAb 7£n-C53 epitope may be intracellular, 
based on the localization of staining and the inability of MAb 
7E11-C53 to stain living cells. However, CYr-356 is able to 
image thing tumors in vwo, and initial biochemical analysis 
seemed to indicate that the antigenic epitope contained a 
significant cartx)hydrate moiety. These data are conflicting 
unless the intracellular carbohydrate moiety is protected by 
an intracellular membrane compartment, because It is un- 
likely that a cart>ohydrate would be stable ta.the cytoplasmic 
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environment. At the same time, an intracellular localization of 
the epitope would make it difficult for CYT-356 to image a 
living tumor mass in vivo. Because there is some promise that 
CYT-355 may be a useful tool in clinicaJ practice, it is imper- 
ative that these questions regarding the antigenic epitope on 
PSMA be fully resolved. The purpose of the present study was 
to determine the physical and biochemical characteristics of 
the MAb 7E11-C53 epitope on this novel prostate-specific 
biomarker and to precisely map the location of the antigenic 
determinant. This study confirms that the epitope recognized 
by the native and immunoconjugated MAb 7E1 1-C53 is intra- 
cellular 2uid consists of only the polypeptide chain, and fur- 
ther suggests the sensitivity of antibody-directed imaging; the 
therapeutic approaches and development of in vitro immu- 
noassays could be enhanced by the production of second- 
generation antibodies to antigenic epitopes present in the 
extracellular domain of PSMA, 

Materials and Methods 
Cells and Reagents 

LNCaP cells were obtained from the American Type Culture 
Collection and grown in RPMl 1640 supplemented with L-glu- 
tamine, gentamicin (Sigma Chemical Co., St. Louis, MO), and 
5% fetal calf serum (Gibco-BRL, Gaithersburg. MD). The 
monoclonal antibody MAb 7E11-C5 3, purified by proteln-A 
affinity chromotography from murine ascites, was provided 
by Cytogen Corp. (Princeton, NJ). The MAb concentration was 
determined using a single radial immunodiffusion system 
(TAGO, Burlingame, CA). Lectins were obtained from E. Y. 
Laboratories (San Mateo, CA). 0-glycanase and N-glycanase 
enzymes were purchased from Genzyme (Boston, MA). EDAC 
(1 -ethyl -3-[3-dimethyIaminopropyl]carbodiimide), OPD (0- 
phenylenediamine dihydrochloride), all other enzymes, car- 
bohydrates, carbohydrate conjugates, and chemicals were 
purchased from Sigma Chemical Co. unless otherwise noted. 

Membrane Preparations 

LNCaP ceils were harvested and pelleted by centrifugation at 
1000 X g. The pellet was washed once with ice-cold phos- 
phate-buffered saline (PBS: 136 mmol/L NaCl, 1,7 mmol/L KCl, 
8 mmol/L Na2HP04. 1 5 mmol/L KHjPO^, QB mmol/L CaClz, 03 
mmol/L MgCls. pH 7.4) and pelleted again. The pellet was 
resuspended in hypotonic buffer (1 mmoI/LNaHCOj) contain- 
ing a protease inhibitor cocktail (02B mmol/L antipain, 0.75 
mmol/L pepstatin, 60 mmol/L cthylenediaminetetra-acetic 
acid) and incubated on ice for 30 minutes, then dounce ho- 
mogenized. The homogenate was centrifuged at 2000 x g for 
5 minutes in a Beckman JA20 rotor to pellet whole cells and 
nuclei. The supernatant was collected and centrifuged at 
138,000 X g for 2 hours. The supernatant was discarded and 
the pellet, representing a crude membrane preparation, was 
resuspended in PBS and stored at - 70X. 

PSMA Affinity Purification 

Membrane preparations were resuspended in solubilization 
buffer (30 mmol/L Tris. pH 75. 05 mol/L NaCI, 1% Nonidet 
P-40 [NP-40], 05% deo3Qrcholate.0.m sodium dodecylsulfate 
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[SDS).05 mmol/L dithiothreilol [DTTDand protease inhibitor 
cocktail (as described above) and incubated for 2 hours at 
4*C on a rotator. The solubilized material was centrifuged at 
100.000 X g for 1 hour at 4'C to pellet nonsolubilized material. 
The supernatant was collected, diluted 1:2 with 20 mmol/L 
Tris, pH 8.0, and loaded onto an Affinica Protein A-7E11-C5 
affinity column, constructed using the manufacturer's in- 
structions (Schleicher & Schuell, Keene. NH). The column 
was washed with wash buffer (20 mmol/L Tris, pH 8.0. 0.1% 
NP-40, 0.1 mmol/L DTT) and eluted.with 2N NH^OH, pH U.O. 
The eluted fraction was placed in 3500-MW cutoff dialysis 
tubing (Spectrum, Houston, TX) and dialyzed against 20 
mmol/L Tris HCl, pH 4.0. containing 0.1 mmol/L DTT for 2 
hours at 4*'C. The eluant was then concentrated against poly- 
ethylene glycol compound (MW 15,000-20,000) to approxi- 
mately 500 \iL, Protein concentrations were estimated using 
the bicinchonic acid (BCA) protein assay, following the man- 
ufacturer's instructions (Pierce, Rockford, IL). 

Physical and Biochemical Treatment 

Purified PSMA from crude LNCaP membrane preparations 
was boiled for 10 minutes in the presence or absence of mer- 
captoethanol or SDS. Periodate oxidation'® and sodium boro- 
hydride'^ treatments were carried out as described previ- 
ously. Proteolytic digestion was achieved by incubating the 
purified PSMA at 37*'C for 24 hours using 100 jiL of the fol- 
lowing protease solutions: trypsin type 111 (1, 10, and 100 
U/mL), alpha-chymotrypsin type VII (5, 50, and 500 mU/mL), 
protease type XXI (2. 20, and 200 mU/mL), and protease type 
XXVI (8. 80, and 800 mU/mL), The treated PSMA was then 
analyzed using a modified radioimmunoassay (RIA).'® 

Clycosidase Treatment 

Purified PSMA was treated with beta-gal actosidase, fucosi- 
dase, endo F, and chondroitinase ABC in Eppendorf tubes, 
following methods described previously.*^^' For the N-gly- 
canase digestion, the antigen was boiled for 3 minutes in the 
presence of 05% SDS and 0.1 mmol/L mercaptoethanol, then 
diluted in PBS containing 10 mmol/L phenanthroline and NP- 
40. The N-glycanase (Genzyme, Boston, MA; 03 mU) was 
added and the reaction incubated overnight at 37*C. For the 
0-glycanase digestion, the antigen was first denatured in SDS 
and mercaptoethanol as for the N-glycanase treatment, then 
digested with neuraminidase for 2 hours. 0-giycanase (05 
mU) was added and the reaction mbcture incubated overnight 
at 37X. 

Competitive Binding Experiments 

The carbohydrate concentrations were adjusted to 0.05 
mmoI/L with PBS. The 7E1 1-C53 MAb was incubated with the 
carbohydrate or PBS control for 2 hours at room temperature, 
Rfty microliters of the mbcture was then used as the primary 
antibody for an RIA using puriHed PSMA from LNCaP mem- 
brane extract as the antigen. For lectin competitive binding 
studies, lectins were used at a concentration of 1 mg/mL in 
PBS. The lectins or PBS control was added to antigen-coated 
welts in a volume of 100 and incubated for 2 hours at room 
temperature. The wells were washed three times with PBS, 
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assay (ElA) plate (Costar. Cambridge. MA) and dried over- 
night. The plates were rinsed twice with PBS. followed by two 
rinses with distilled water. Various concentrations of peptides 
were added to the wells in a volume of 50 followed by 50 
\lL of EDAC cross-linker (10 mg/mL) or water control, and the 
plates were incubated overnight at 4''C with shaking. The 
plates were washed five times with wash buffer (PBS contain- 
ing 0.05% Tween-20). The concentration of peptides adhered 
to the plate was determined by protein assay of the peptide- 
EDAC mixture before and after the 'cross- 1 inking incubations. 
A standard enzyme-linked immunosorbent assay (EUSA) was 
then performed (as described below). 

Competitive Binding Peptide Assay 

Competition plates were made by first dispensing 100 ixL BSA 
(1 ^g/mL) into the wells of a high-binding ElA plate and dry- 
ing overnight The plate was rinsed twice with PBS and twice 
with distilled water before the addition of peptides. Serial 15 
dilutions of each peptide were made with water, starting at a 
concentration of 1 mmol/L and with a final volume of 40 \iL in 
each well. The antibody concentration used was detennined 
by finding the concentration of MAb 7EU-C53 that gave half 
maximal binding to a constant concentration of purified 
PSMA antigen at 200 -ng per well, determined to be 1 jig/mL. 
Forty microliters of MAb 7E11-C53 (1 jig/mL) was added to 
each well, and the plate was incubated at 4'C overnight with 
shaking. 

Antigen plates were prepared by dispensing 100 jiL of pu- 
rified PSMA (2.0 M-g^mL) into the wells of high-binding ElA 
plate (Costar) and incubating overnight at AX with shaking. 
The antigen plates were washed four times with wash buffer 
and blocked with blocking buffer (1% BSA in PBS containing 
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and an RIA was performed as described above. Data for both 
the cartx)hydrate and lectin experiments were expressed as a 
percentage of the control binding using the following formula: 

. ^ CPM of treated well 

% control binding = — ; x 100, 

* CPM of PBS control well 

in which cpm = counts per minute. 
Tunicamycin Treatment 

LNCaP cells were cultured in the presence of tunicamycin for 
7 days, as described previously.^^ The cells were harvested 
and membrane preparations were prepared as described 
above. 

Peptide Synthesis 

Peptides were synthesized on a Synergy Peptide Synthesizer 
(Perkin Elmer-Applied Biosystems. Foster City. CA). Cleavage 
and extraction of the crude peptide were performed accord- 
ing to the manufacturer's instructions. All peptides gave a 
single discrete peak when analyzed by reverse-phase chro- 
matography on a Waters 650 high-performance liquid chro- 
matography system. The sequence of the peptides was de- 
rived from the published nucleotide sequence of PSMA'** and 
named according to the distance from the N-terminus of the 
deduced amino acid sequence (Table 1). 

Direct Binding Peptide Assay 

Peptides were bound to wells of microtiter plates using the 
procedure descrit)ed previously,^ with several modifications. 
Briefly, 100 \iL of bovine serum albumin (BSA) (1 M-g/mL) was 
dispensed into each well of a high-binding enzyme immuno- 
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0.05% Tween-20) for 1 hour at room temperature. The block- 
ing buffer was removed, and the 80 m-L of the peptide- 
antibody mbcture from the inhibition plates prepared atx)ve 
was transferred to the antigen plates and used as the primary 
antibody for a standard EUSA. 

Standard EUSA 

Microliter plates, activated with peptide or antigen, were 
blocked for I hour at room temperature with blocking buffer 
(1% BSA in PBS containing 0.05% Tween-20) with shaking. 
The blocking buffer was removed, and MAb 7E1 1-C53 or com- 
petition mix (as described above) was added to each well and 
incubated for 2 hours at room temperature with shaking. The 
plates were washed five times with wash buffer, with the final 
wash being removed by vacuum aspiration to ensure that all 
of the wash buffer was removed. The secondary antitjody (1 
jig/mL horseradish peroxidase-labeled. horse anti-mouse an- 
tibody; Vector Laboratories, Buriingame, CA) was added at 50 
\iL per well and incubated for 2 hours at room temperature 
with shaking. The plates were washed five times with wash 
buffer, and all of the buffer was removed with the final wash. 
After the final wash, 200 pi of OPD substrate was added to 
each well and incubated for 5-30 minutes with shaking, and 
read at 405 nm on an EL-340 Microplate reader (Bio-Tek In- 
struments, Winooski. VT). 

Determination of Affinity Constant (KJ 

The affinity of MAb 7EU-C53 for the native antigen and pep- 
tides was determined by a modification of a method de- 
scribed previously .^^ The MAb binding was plotted as bound/ 
free antibody as a function of the concentration of bound 
antibody (nunol/L). The regression coefficient (K.) was cal- 
culated according to the method of Scatchard.^ and the Stu- 
dent t test was applied to determine the significance of the 
results. 

Results 

Basic Biochemical 

Characterization of the PSMA Epitope 

The initial characterization of the PSMA epitope used stan- 
dard physical and biochemical techniques on purified mate- 
rial. The antigen was stable after incubations at 100"C and 
after reduction or denaturation in mercaptoethanol and SDS 
(Figure lA). The epitope was susceptible to oxidation of vic- 
cinyl hydroxyl groups by periodic acid, suggesting a carlx)- 
hydrate component of the epitope, although sodium borohy- 
dride (Figure lA) and tunicamycin treatments (data not 
shown) were unable to inhibit binding. The increased binding 
of MAb 7En-C53 to PSMA after sodium borohydride treat- 
ment most likely results from the release of 0-linked carbo- 
hydrates, wtiich may mask the antigenic determinant 

The recognition of the PSMA epitope by MAb 7En-C53 
under reducing and denaturing conditions indicates that the 
integrity of the epitope was not dependent on the secondary 
or tertiary structure of the native molecule. Treatment of 
PSMA with a variety of proteases having differing specificities 
revealed the epitope to be highly susceptible to proteolytic 
digestion (Figure IB). 
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FIGURE I. Basic physical ind biochemical analysis of the PSMA 
epitope. A) Treatment of purified PSMA from LNCaP membrane extracts 
with heat (lOCC for 10 minutes), sodium borohydride (NaBH). periodatc. 
sodium dodecyl sulfate (SDS). and mercaptoethanol (2Me). The antigen was 
recognized in a denatured and reduced fonn and was susceptible to per- 
iodate oxidation but not sodium borohydride treatment. B) PSMA from 
LNCaP membrane extracts was highly susceptible to proteolytic digestion 
with trypsin (U/mL). chymotrypsin (mU/mL), protease type XXI (mU/mL). 
and protease type XXVI (mU/mL). 



Carbohydrate Analysis 

To determine whether the antigenic epitope contained a car- 
bohydrate moiety, we performed lectin inhibition studies. 
These experiments demonstrated that SBA, PNA, and MPA 
lectins, which are specific for D-galactose in either a mono- 
meric form or a polymeric form, were able to reduce MAb 
7E11-C53 binding, whereas lectins that bind to other cartx>- 
hydrates such as mannose, glucose, hicose. neuranunic acid, 
and N-acetyl-glucosamine had no effect (Figure 2A). To prove 
the specificity of the lectin experiments, we used both general 
and specific glycosidases to digest PSMA. Neither 0-glycosi- 
dase nor N-glycosidase. used to cleave 0-linked and N-Iinked 
oligosaccharides, respectively, were able to reduce MAb 
7E1 1-C53 binding. Digestion with specific enzymes, in partic- 
ular beta-galactosidase, also did not inhibit antibody binding 
(Figure 2B). Similarty. MAb 7E11-C53 binding was not Inhib- 
ited in competitive blocking experiments using specific car- 
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FIGURE 2. Carbohydrate aratyus of the PSMA epitope. A) Compet- 
itive tecttn-bindirig experiments showtr\g inhibition with SBA. P^4A. and 
MPA tectins. "Tht carbohydrue spedficities (or the lectins are as folbws: 
LPA (NeuNAc D-galN(Ac and D-GkNAc). PHA (oligosaccharides). UEA 
(a-L.fuc). WGA (D^tcNAc NeuNAc). GSII (D-gkNAc). ConA (a-D-man. 
a-D-flc). SBA (a-O^NAc O-gaO. PNA (l^tat-^-<l-3)*O^NAc), and 
MPA (a-0-«al). B) Otestion of PSMA from USiCaP membrane extracts 
with neuraminidase (NM). ^-falaaosidase (B-GaO. fucostdase (Fuc). O-gty- 
canase (O-Gty). Nflycanase (N^ly)). Endo F. and chondroitirase ABC 
(Chon). C) Competitive blocking with specific carbohydrates and amino* 
sugars, demonstfiUng the Inability to biodc MAb 7EI I-CS.3. 



bohydrates or aminosugars (Figure 2C). In particular. D-ga- 
iactose (D-ga!) and N-acetyi galactosamine (galNAc) were un- 
able to inhibit binding. These saccharides correspond to the 
specificities of the SBA, PNA, and MPA lectins, which were 
able to reduce binding. The inability of these sugars and gly- 
cosidases to abrogate binding indicates that the lectin inhi- 
bition may be nonspecific. 

Peptide Binding 

Because anecdotal evidence suggested that the PSMA epitope 
was intracellular, several synthetic peptides were synthesized 
to correspond to the 19 amino acids of the proposed intra- 
cellular domain of PSMA. Peptide Nl .19 consisted of the entire 
19-amino acid sequence (MWNLLHETDSAVATARRPR), 
whereas peptides N1.6 (MWNLLH). N7.12 (ETDSAV). and 
N13.19 (ATARRPR) were synthesized to correspond to three 
segments of NI.I9. Figure 3 shows that N1.19 and the N-ter- 
minal N1.6 peptides were recognized by MAb 7EU-C5J, al- 
though N1.6 had approximately 30% less binding than N1J9. 
N7.12, N 13. 1 9, and N669 (MFLERA), a negative control pep- 
tide, were inactive, indicating that the PSMA epitope was pre- 
dominantly composed of the core peptide structure and lo- 
cated at the amino terminal end of the, glycoprotein. 

Epitope Mapping 

To characterize further the peptide portion of the PSMA 
epitope, we mapped the intracellular epitope completely. Ta- 
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FIGURE 3. Direct-binding PSMA pef»tide assay with SO tU. of each 
molar concentration of peptide. Peptides were bound to EIA plates with 
BSA and EDAC chemicat cross-iinlcer and used for a standard EUSA with 
MAb 7En-C5.3. The concentration of MAb 7E 1 1 -0.3 used (I (i«/mL)wis 
determined analytkallir from the half-maximal binding to the purtfied anti- 
gen. Peptides N1J9 {sotitS tqiare^ and N).6 (open tmgfe^^ were active 
in a dose-dependent manner, whereas peptides N7.I2 {dosed drde^ 
NI3-I9 (dosed triut^ and the control peptide N669 (qpen c£rcfes) 
were negatnre. 
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FIGURE 4. PSMA peptide nrupping 
uiing 50 M-L of each peptide at a concen- 
tration of I MJnol/L Baseline levels were 
defined by control wells conuining oniy 
bovine serum albumin (BSA) or l-ethyl- 
3-[3-dimethylaminopropyl]carboditmtde 
(EDAC). or both. All peptides containing ' 
at least the first seven amino acids were 
equally active, with NI.6 activity drop- 
ping by approximately one third. The me- 
thionine-containing negative control pep- 
tide N669 was below baseline, as were 
additional peptides from the PSMA amino 
acid sequence, w^hich had a motif similar 
to Nl.6. 




EDAC 
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ble 1 shows the orientation of the synthetic peptides, starling 
with the complete N1.19 peptide. Equimolar amounts of each 
peptide were assayed in a direct binding assay. All of the 
peptides containing the first seven amino acids had equal 
activity (Figure 4), whereas NK6 retained approximately two 
thirds the activity and N15 was below baseline levels. These 
results indicate that the minimal reactive peptide was a 6-mer 
composed of the first six amino terminal amino acids (MWN- 
LLH). Several additional peptides within the proposed PS^4A 
amino acid sequence had a motif similar to NK6, including 
N344, N470, N583, and N664. These peptides were also syn- 
thesized and analyzed, but were not bound by MAb 7En-C53 
(Figure 4). To demonstrate the specificity of the synthetic 
peptides and to use an alternative method that did not re- 
quire binding of the peptides to the microtiter plates, we 
performed an indirect assay to block antibody binding com- 
petitively. Peptides N1.19 and Nl.6 were able to inhibit bind- 
ing of MAb 7E1I-C53 to PSMA in a dose-dependent manner, 
whereas control peptides and other peptides present in the 
PSMA sequence were unable to compete for binding (Fig- 
ure 5). 

Biochemical Analysis 

of the Antigenic Peptides 

To determine whether the decrease in antibody binding alter 
periodate treatment of the purified PSMA in Figure 1 resulted 
from the oxidation of the peptide epitope and not a carbohy- 
drate, the synthetic peptides were treated with periodate be- 
fore binding to the ElA plate for the direct binding assay. 
Periodate treatment of peptides N1.19 and Nl.6 abrogated 
MAb 7En-C53 binding (Figure 6). In addition, to mimic the 
effects of periodate oxidation of the polypeptide chain, pep- 
tide N2j6 (WNLLH). with a deletion of the methionine residue, 
or NA1£ (CWNLLH), with a substitution of cysteine for the 



methionine residue, as well as peptide Nl 5 (MWNUL). with a 
deletion of the histidine residue, or N1.6A (MWNLLY), with a 
substitution of tyrosine for the histidine residue, were syn- 
thesized and assayed in a direct binding assay. The deletion 
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FIGURE 5. PSMA peptide mhlbttion assay. Forty microliters of each 
peptide dilution v^ incubsted with 40 p-L of the MAb 7EI I-CS.3 and then 
used as the primary antherum for an EUSA with purified PSMA from 
LNCaP celb as the antigen. Peptides N 1 . 1 9 (chsed crrctes) and N L6 (flipcn 
drdes) competed in a dose-dependent manner, whereas the negathre corv- 
trt>l peptide N669 (open square^ and peptides N3M (upwtrd trtingh^, 
N470 {do¥mwtrd tr^ngte^, N583 {dosed squares), and N6M (open trt- 
aorfes) were unable to bkxk MAb 7EI I-C5.3. 
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FIGURE 6. Analysis of the MAb 7EI I-C5.3 epitope. Peptides Nt.l9 
and N 1.6 were treated with periodate as described for the native PSMA 
antigen. The activity of both peptides was reduced to the background levels 
of the negative control peptide (N669). In addition, deletion of the methi- 
onine (N2.6) and histidine (Ml 3) or substitution of the methionine with 
cysteine (NAI.6) and substitution of the histidine with tyrosine (Nt.6A) 
resulted in a similar loss of activity. 



of either of these amino adds resulted in a loss of activity 
(Figure 6), suggesting that they or at least the amino acids 
present in that position are important for the structure of the 
epitope. Substitution of the methionine with cysteine and of 
the histidine with tyrosine also resulted in a loss of activity, 
indicating that the amino-terminal methionine and the car- 
boxy- terminal histidine are required for structural integrity of 
the PSMA epitope and are essential for MAb 7EH-C53 activ- 
ity, which, if lost by oxidation, would result in an abrogation 
of f^b7EIl-C5J binding. 

The affinity of MAb 7E1 1-C53 was determined for the na- 
tive PSMA glycoprotein and for the N1.19 and N1.6 active 
peptides. The affinity for the native PSMA glycoprotein (K, 
1,16 X 10'*' M~ ') was approximately 6.8-fold higher than the 
affinity for the NM9 peptide (K, 1,7 x 10' M"') and about 
50-fold higher than that (or the N1.6 peptide (K, 23 x 10* 
M~'), although the affinity for N1.6 was only 7.4-fold lower 
than the affinity for N1.19, 



Discussion 

The prostate-specific membrane antigen (PSMA) consists pri- 
marily of a major Mr 120,000 protein in tissue extracts and 
seminal plasma and an Mr 100.000 protein in LNCaP mem- 
brane extracts by Western blot anatysis.®-**-*' The amino acid 
sequence for the Mr 100,000 species expressed in the LNCaP 
cell line indicates that PSMA is a transmembrane glycopro- 
tein,***-^ Immunohistochemistiy studies have demonstrated 
that PSMA is expressed in nonnal, benign, and malignant 
prostate epithelial cells but not in other normal adult tissues, 
with the possible exception of skeletal muscle,*-** which ap- 
pears to show nonspecific staining (unpublished data). Over- 
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all. the data reported thus far continue to suggest that PSMA 
is a novel antigen with expression highly restricted to pros- 
tate tissues and that it may prove to tte a usehil biomarker for 
targeted diagnostic or therapeutic strategies or for gene ther- 
apy approaches. The MAb 7E1I-C53 is the only reported an- 
tibody reactive to this glycoprotein, and it is therefore of 
interest to determine the epitope on PSMA that is reactive to 
this MAb. It is especially important to clarify the questions 
regarding the nature of the antigenic epitope with respect to 
the biochemical nature and location, as they could directly 
influence our understanding of the ability of CYT-356 to be 
useful in radioimmunoscintigraphy and immunotherapy. The 
present study examined the biochemical nature of PSMA and 
the epitope recognized by MAb 7E11-C53. 

The basic physical and biochemical analysis of the PSMA 
epitope revealed that it is recognized in both a reduced and a 
denatured state based on the activity of the antigen in mer- 
captoethanol and SDS, respectively. Treatment of antigens 
with periodic acid has been used in the past to indicate the 
presence of cartx)hydrates in antigenic epitop>es.^® Therefore, 
the loss of activity after periodate treatment along with the 
sensitivity of PSMA to proteolytic digestion was initially in- 
terpreted to mean that the epitope consisted of a glycopep- 
tide. In an attempt to determine the type of carbohydrate 
linkage in the epitope, the antigen was treated with sodium 
borohydride to cleave 0-linked oligosaccharides; alterna- 
tively, LNCaP cells were grown in the presence of tunicamy- 
cin before antigen preparation to inhibit the addition of 
N-linked p)olysaccharides to the nascent peptide chain in the 
endoplasmic reticulum. Neither of these more specific treat- 
ments had any effect on MAb 7E1 1-C53 activity, contradicting 
the periodate results. 

Lectin-binding experiments also indicated that cartx)hy- 
drates were present in the epitope and that this cartx>hydrate 
component contained D-galactose in some form, because 
only lectins that were specific for either monomeric or poly- 
meric galactose were able to block MAb 7E1 UCSZ binding. 
However, as with the l>asic biochemical analysis, we were 
unable to demonstrate specificity by either glycosidic diges- 
tion of PSMA or competitive binding experiments using spe- 
cific monomeric or polymeric cartx>hydrates or aminosugars. 

Because there was evidence to suggest that the antigenic 
epitope was intracellular, and considering the fact that there 
were only 19 amino acids in the intracellular domain/** pep- 
tides were synthesized to span this domain. The full-length 
19-mer (Nl-19) was active in both direct and competitive 
binding assays in a dose-dependent manner. Mapping of the 
peptide epitope by sequentially deleting residues from N1.19, 
one amino acid at a time, demonstrated that the minimal 
reacUve [Kptide consisted of the first sbc N-terminal amino 
acids (MWNLLH). Deletion and substitution of the amino- 
terminal methionine or the cartx)xy-terminal histidine resi- 
due abrogated MAb 7E11-C53 binding, proving that these 
amino acids are essential for the integrity of the epitope. The 
affinity of MAb 7En-C53 for N1.19 (K, 1,7 x 10® M"') was 
approximately 6.S-fold lower than the affinity for the nathre 
PSMA glycoprotein (K, 1.16 X 10**»M-*), whereas the affinity 
of MAb 7En^3 tor NU (K, 23 x 10^ M"*) was 7.4-fold 
lower than the affinity for N1.19. The du^ peptide assays 
used in this study are a convenient means of assaying MAb 
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binding to peptides, which would otherwise be unable lo ad- 
here to the plastic of the assay plate5. by covalently cross- 
linking the peptides with EXIAC to BSA in the wells of the ElA 
plate. However, the peptides are covalently linked to BSA. 
which may significantly alter their conformation as compared 
to the native PSMA. It is not surprising or unprecedented, 
then, that the affinity constants for the peptides and the na- 
tive antigen are slightly different." This difference may be 
explained not only by the effects of cross-linking of the pep- 
tides to BSA. as discussed above, but also in differences be- 
tween the linear synthetic peptides and the native F*SMA mol- 
ecule, which may have a significantly different conformation. 
In addition, modifications of the amino acids in the native 
protein, such as acetyiation or other additions, might further 
stabilize the antigenic determinant of the native PSMA. Al- 
though the affinity of the N 1.6 peptide may be lower than that 
of Nl,19 and the native PSMA molecule for the same reasons 
as discussed above, the inhibition studies (Figure 5) seem to 
suggest that the smaller peptide does indeed have a lower 
affinity which most likely results from a destabilization of the 
antigenic determinant. Nevertheless, the epitope-mapping 
studies clearly demonstrate that the epitope recognized by 
MAb 7E11-C53 is the primary peptide chain of the intracel- 
lular domain of PSMA and that the minimal reactive peptide 
consists of the first six amino acids (MWNLLH) at the amino 
terminus. 

It is important to note that several peptides are present in 
the extracellular domain of PSMA, which contains a motif 
similar to that of N1.6 (methionine at position 1 and histidine 
or a similar amino acid at position 6), but none of these 
peptides were active by direct binding or competitive binding 
assays. There was a possibility that these small peptides were 
not bound to the microtiter plates as efficiently as larger 
peptides. However, the competitive binding assay did not re- 
quire that the peptides be bound and was an important con- 
trol experiment to verify the negative results for these pep- 
tides observed in the direct binding assay. The size of the 
peptides may, however, cause a decrease in MAb 7EH-C53 
affinity, as seen between N1.19 and N1.6, and experiments are 
underway to determine whether larger peptides from these 
regions are active. 

The suggestion from the epitope-mapping data that the 
epitope consisted of only the core peptide and did not con- 
tain a carbohydrate moiety would explain the failure of the 
sodium borohydride, tunicamycin, and glycosidase treat- 
ments and of specific carbohydrates to block the MAb 7E1 1- 
C53 activity. However, the periodate oxidation and lectin 
competitive binding experiments were still contradicting if 
the MAb 7E1 1-C53 only binds to the peptide chain. Although 
periodate oxidation has been used successfully to identify 
carbohydrate epitopes, oxidation of amino acids also may 
occur." The treatments used in this study (10 mmol/L per- 
iodate for 1 hour at 25^) should have been mild enough to 
preclude damage to the polypeptide chain, while nonreducing 
sugars and pyranosidically linked hexoses within the oli- 
gosaccharide chains would have been oxidized.'^ Harsher 
conditions including longer incubations, higher tempera- 
tures, or higher periodate concentrations could have resulted 
in destruction of the peptide chain in addition to any carbo- 
hydrate. The possibility existed that the PSMA peptide 
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epitope was particularly sensitive to periodate. This was es- 
pecially f>ossible because methionine residues are particu- 
larly susceptible to periodate oxidation.^^ In addition, the re- 
active peptides all tiegan with the very N-terminal methionine 
of the protein, which may make it even more subject to oxi- 
dative attack t>ecause there is no protection on the amino- 
terminal end of this amino acid. Treatment of the reactive 
peptides N1.19 and N1.6 with periodate did. in fact, abrogate 
MAb 7EU-C53 binding. Oxidation of the peptide may result in 
cleavage or alteration of the zimino'acid residues. Therefore, 
to demonstrate the effects of either a loss or change in struc- 
ture of the amino acids, peptides were synthesized with de- 
letions or substitutions of either the methionine or the histi- 
dine residues, which also resulted in a loss of antibody bind- 
ing. Clearly, both the methionine and the histidine residues 
were essential for activity of the peptides, and these experi- 
ments suggest that periodate oxidation was affecting the pri- 
mary amino acid structure of PSMA. 

Although it has been reported that PSMA can be detected 
in serum,®-" we and others have been unable to duplicate 
these results (unpublished data). The sensitivity of both the 
peptides and the native PSMA molecule to oxidation may ex- 
plain the inability of MAb 7Z\\-C52 to detect the antigen in 
serum in our hands, as a result of either cleavage or blockage 
of the amino terminus by any number of serum factors. Ex- 
periments are underway to determine whether the native an- 
tigen, purified from LN(^ cells, or active PSMA peptides are 
stable in serum for extended periods. These data suggest that 
serum assays would be greatly improved if second-generation 
MAbs were created against more stable epitopes. 

The ability of some lectins to block the MAb 7E11-C53 
binding may have occurred as a result of nonspecific binding, 
because the native PSMA does contain a substantial amoxmt 
of carbohydrate. The deglycosylated polypeptide has an Mr of 
84,000, and the fully glycosylated molecule has an Mr of 
100,000.^® In addition, only lectins with a specificity for D-ga- 
lactose were able to block MAb 7E11-C53 binding, although 
D-galactose in either monomeric or polymeric form was un- 
able to compete for the MAb. The latter finding suggests that 
there may be a significant amount of galactose present on the 
native PSMA glycoprotein, but not in the antigenic epitope. If 
a number of D-galactose-containing oligosaccharides were 
close to but not directly in the antigenic epitope, the lectins 
could nonspecifically block MAb 7En-C53 by steric hin- 
drance and not by direct competition. 

Although we have not mapped the entire PSMA molecule, 
the results of this study convincingly show that the epitope 
recognized by MAb 7EU-CS3 is located in the intracellular 
domain of the PSMA transmembrane glycoprotein and con- 
sists solely of the polypeptide chain with a minimal reactive 
unit consisting of sue amino acid residues (MWNLLH). An 
intracellular location of the MAb 7E11-C53 epitope intro- 
duces questions regarding the ability of CYr-356 to image 
living tumor masses. The immunoconjugated form of MAb 
7E1 1-C53 (CYr-356) has been shown dearly to detect solid 
tumors in vivo""*^ even though the epitope is intracellular. 
Possible explanations for this observation may be that CYT- 
356 images only necrotic tissues or those cells that have been 
lysed, either mechanically or via apoptosis. or that CYT-356 
may be able to cross the plasma membrane to bind the an- 
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tigen. Alternatively, several peptides are present within the 
extracellular domain oi PSMA: N470 (MYSLVH). N344 
(MHIHST). N583 (MVFEU). and N664 (MNDQLM). which con- 
tain a motif similar to that of the N1.6 minimal reactive pep- 
tide. Although these peptides were not active by either a di- 
rect binding assay or a competitive binding assay, it is pos- 
sible that CYT-356 may have a low affinity for any one of these 
peptides, which might result in a detectable signal upon im- 
munoscintigraphy. Clearly, more studies are needed to deter- 
mine definitively how Grr-356 is able to image solid tumors. 
Based on our findings that MAb 7E11-C53 binds to a peptide 
epitope localized to the intracellular domain, it would appear 
highly advantageous to produce second -gene rati on antibod- 
ies to antigenic epitopes present in the extracellular domain 
of this transmembrane glycoprotein. Such antibodies could 
conceivably enhance the sensitivity of antibody-directed im- 
aging and therapy applications, as well as provide excellent 
reagents for the development of in vitro diagnostic tests. 
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The prostate-specific menibrane antigen (PSMA) glycopro- 
tein is recognized by the monoclonal antibody <MAb) 7E 1 1 -C5.3 
as a predominant 100 kOa and minor ISO kOa component in 
LNCaP cell line extracts and its expression has been shown by 
immunohistochemistry to be highly restricted to prostate epi- 
thelium. The aim of the present study was to utihie Western 
blot analysis to determine if PSMA could be detected in human 
tissue extracts and body fluids and if so, which molecular forms 
were present. PSMA was detected as 120 and 200 kOa bands in 
normal, benign and malignant prostate tissues and seminal 
plasma. Further analysis demonstrated that the larger molecu- 
lar form of PSMA may be a dimer of the lower m.w. species. The 
PSMA glycoprotein was not detected in the majority of non- 
prostate tissue extracts examined except for a tow yet signifi- 
cant amount in normal salivary gland, brain and small intestine, 
suggesting that PSMA may not be as prostate-specific as 
originally thought Since the prostate- specific antigen (PSA) has 
been shown to be maximally shed into the scrum in high*grade 
and metastatic prostate carcinomas, it was surprising that 
PSMA could not be detected in serum by Western blot analysis 
even in patients with actively progressive metastatic disease. 
Second generation antibodies generated against different 
epitopes may be required to determine if PSMA is shed into 
serum. Our results support the hypothesis that PSMA is a novel 
prostate biomarker. 
o 1995 Wiley-Liss, Inc. 

Prostate cancer (CaP) is the most common malignancy and 
the second leading cause of cancer death in males, with an 
estimated 244,000 new cases and 40.400 deaths in l995.(Wiogo 
et aL, 1995). As with any malignancy, early detection and 
treatment are paramount in reducing mortality in prostate 
carcinoma patients. The combined use of scrum prostate- 
specific antigen (PSA) measurements and digital rectal exami- 
nation have markedly enhanced the detection rate of prostate 
cancer. However, approximately 30% of benign prostatic 
hyperplasia (BPH) patients give false -positive PSA levels, and 
25-30% of CaP patients have normal scrum PSA concentra- 
tions (Cupp and Oesterling, 1993). These findings, and the 
recent controversy regarding whether and when to treat and 
what treatment modality to use, suggest that additional biomar- 
kcrs need to be identified to differentiate benign from ntalig- 
nant prostate disease more accurately, to identify the clinically 
important prostate carcinomas and to develop potential tar- 
gets for new treatment strategies. 

A recently discovered prostate-associated biomarker desig- 
nated prostate-specific membrane antigen (PSMA) may have 
the properties to meet some or all of these needs. This antigen 
was first described by Horoszewicz et ai (1987) using the 
mouse 7Ell-<::5 MAb produced against the LNCaP prostate 
carcinoma cell line. Immunohisiochemical analysis showed 
that PSMA expression was highly restricted to normal, benign 
and malignant prostate cpithelia (Horoszewicz et aL 1987; 
Lopes «^ a/., 1990), and the physical nature of the antigen was 
initially identified in our laboratory as a predominantly 100 
IcDa membrane-associated glycoprotein (Abdel-Nabi et aL 
1992). The cDNA encoding the 100 kDa PSMA has been 
cloned and the DNA and amino acid sequence determined 
risraeii et aL 1993). Clinical trials using an "'Indium-labeled 
conjugated form of MAb 7E11-C5.3 ("4n CYT-356) to local- 
ize metastatic prostate carcinoma and sites of recurrence 



following radical prostatectomy (Babaian ct ai, 1994) were 
found to be superior to traditional staging and imaging 
modalities. Phas<L.l clinical trials have been initialed to eval- 
uate the efficacy oT MAb 7EI I-C5.3 radionuclide imniunocon- 
jugatcs for treating metastatic prostate cancer (Axelrod ct aL 
1992). Another possible clinical application using RT-PCR lo 
detect metastatic cells expressing PSMA mRNA in the whole 
bkxid of patients has been reported (Israeli et aL 1995). 

The PSMA glya>protcin appears lo be an important new 
clinical biomarker of prostate cancer, yet no reports have 
critically evaluated its tissue specificity and examined whether 
it is shed into body fluids. Western blot analysis was used in the 
present study to determine conclusively if the PSMA glycopro- 
tein could be detected with MAb 7E1 1-C5.3 in body fluids and 
tissue extracts from normal, benign and malignant prostates 
and to assess further the specificity of MAb 7EII-C5.3 by 
evaluating extracts from a variety of non-prostate tissues. 

MATERIAL AND METHODS 

Cells and reagents 

LNCaP and PC3 cells were obtained from the ATCC 
(Rockvillc, MD). DU145 cells were kindly provided by D. 
Mickey (Duke University). Cells were grown in RPMl 1640 
supplemented with L-glutamtnc and 5% PCS (GIBCO-BRU 
Gaithersburg, MD). The MAb 7EU-C5.3, purified by pro- 
tein-A afitnity chromatography from murine ascites, was pro- 
vided by Cytogen (Princeton, NJ). The MAb concentration 
was determined using a single radial immunodiffusion system 
(TAGO, Buriingame, CA). All other chemicals were pur- 
chased from Sigma (St. LouLs. MO) unless othcr\^isc noted. 

LNCaP xenograft tumors 

Male athymic {nufnu) Swiss background nude mice and Fox 
Chase SCID inbred mice (C.B-1 7/ ICr rac-5c/W DF), 4-6 weeks 
old (Taconic Farms» Gcrmantown, NY) were housed in 
sterilized cages with filter bonnets and given auioclaved 
laboratory rodent chow (Purina, St. Louis, MO) and filtered 
tap water ad libitum. Mice were given injections of 2.5 mg of 
cyclophosphamide i.p. 1 day prior to s.c. injections in the left 
rear flank with 1 x 10' LNCaP cells in exponential growth 
phase, in 0.2 mi of .sterile medium or PBS. Subsequently, 
LNCaP tumors were propagated by s.c. implantation of tumor 
fragments aseptically transferred from donor to cyclophospha- 
mide-lreated, recipient mice. The same methods were used to 
grow LNCaP tumors in SCID rnice, except SCID mice were 
not treated with cyclophosphamide. 

Tissues and seminal plasma 

Frozen human tissues, procured at the time of surgery or at 
autopsy were obtained from the Virginia Prostate Center 
tissue bank or through the Southeastern Cooperative Tissue 
Network (Birmingham. AL). All normal tissues were procured 
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ai autopsy, and benign and carcinoma issues were ob a ncd 
foUowing surgery. Normal semen specimens were obiamed 
from Jhl Ajidroloey Laboratory at the Howard and Gcor- 
g a^na Jon« iSte for Reproductive Medicine. Eastern 
Virginia Medical School, following routine semen analysis. 
SerScn from BPH and prostate carcinoma patients was ob- 
tained by masturbation, after informed consent. 

Following collection, the semen samples were ircatcd as 
orcviously described (Edwards et ai. 1981; Pulkkincn et al., 
?977) with minor modifications. Briefly, the samples were 
rozen prior to liquefaction and stored at -70«C. until further 
Inalyslf. The samples were thawed at ^"om temperature by 
adding 'A volume dilution buffer ( 123 mM NaCl. 5 mM KCl. 1 
mM MgS04. I mM EDTA and 37 mM Tris. pH 8;0)- Pffi'hlock 
rBochringer Mannheim. Indianapoli.s. IN) was «ddcd lo a hna 
Uccntrftionof 0.1 mM and 50x protease inhjbuor 
m IS mM ANTIPAIN; 0.75 mM PEPSTATIN; 60 mM ED I A) 
laradded to a fmal concentration of I x. The samples were 
centrifugcd for 5 min at ZS.OOC^sr to remove cells or cellular 
debris and the supcrnatan.s. termed semmal plasma, were 
transferred to Eppendorf tubes and stored at - 70 L. 

Membrane preparations 

LNCaP cclLs were harvested and pelleted by ccn^'f^Sation 
at l.OOOg. The pellet was washed once with icc-cold PBS and 
pcllcud again. The pellet was resuspcndcd in hypotonic buffer 
n mM nIcO,) containing a protease mhib.tor cocktail (as 
de^ribed above) and incubated on ice for 3<) mm; the cells 
wcTe then lysed by Dounce homogenization. Surgical human 
U^uc or murine xenograft tumors were prepared by mmcing 
hTtLuc with scissors in 10 ml of hypotonic buffer conum ng 
protease inhibitor cocktail and homogcmzcd using a Polytron 
homogcnizcr (Brinkmann. Westbury. NY). , ^ . . 

The homogenatcs were centrifugcd at 2^ for 5 rni" hi a 
Beckman J/UO rotor to pellet who c and mjcleu The 
suoernatant was collected and centrifugcd at 138.00Qf for 2 hr 
n a Beckman Ti50 rotor. The supernatant was discarded and 
the nellet reorescnting a crude membrane preparation, was 
eUhfr reLIpended in PBS and stored at -70-C or used for 
antigen purification. 



Western blot analysis 

Samolcs were loaded in equal protein concentrations (50 
uB/laTic for membrane preps and 200 ng/lane for seminal 
^fasma) into Snesof S-25% gradient SDS-PAGE gels and 
Slotted to Immobilon-P membranes ^^f^l^^^^^i^^'^^^^^^ 
The membranes were incubated for 1 at 37 C .n blockmg 
buffer f5x Denhardfs buffer. 1 x BBS. 0.1% NP-40 and l.i /o 
rsa( The blockine buffer was removed and the membranes 
TncubatlS S 7En-C5.3 (20 ^g/ml) for I hr at room 
emperature. The primary antibody was removed and the 
metSbranes washed for 10 "^i" with wash buffer 
Tris dH 7.5. 0.5 M NaCI. 1% NP-40, 0.5% DOC. 0.1 ,o bus 
and 0 5 mM DTT); then membranes were incubated with 
^orse an^-mousc horseradish peroxidaso^abe ed sccondanr 
antibody dieted in blocking buffer (1:10,000; Vector. Burl.n- 
game?CA) for 1 hr at room temperature. ^^^^°'}^^2n f, 
iody was removed and the membranes washed for JO ^nJi^ 
in wash buffer. The blots were developed using the ECL 
merhod (Xme^ham. Arlington Heights. 'L) according to the 
manufacturer's instructions and exposed to X-ray fi'm^^^PPf r- 
™nt m w. were calculated on multiple blots using m.w. markers. 

Competitive peptide Mocking experiments 

The competitive blocking studies were c^ried out like the 
Western blbT experiments described above except the PSMA 

iji 10 ^Trover et oL 1995) was added in a 
active peptide N1.19 (iroyer ' Ypii rs 5 durinc the 
20-fold molar excess over the MAb 7E11-C5.3 aurmg mc 
primary antibody incubation. 



PSMA affinity coiumn purification 

Membrane preparations were resuspcndcd in solubilization 
buffer (30 mfS Tris, pH 7.5, 0.5 M NaCI, \% NP.40. 0.5% 
DOC 0.1% SDS and 0.5 mM DTT) and protease inhibitor 
cocktail (as described above) and incubated for 2 hr al 4'C on a 
rotator The solubilized material was centrifugcd at lOO,OOQg 
for I hr at A^C to pellet non-solubiiized material. The superna- 
tant was collected, diluted 1:2 with 20 mM Tns, pH 8.0 and 
loaded onto an Affinica Protein A-7EU-C5 affinity column 
constructed using the manufacturer's instructions (Schleicher 
and Schucll, Kecne. NH). The column was wa.shcd with wash 
bu7rer S mM Tris, pH^O, 0.1% NP-40 and OJ mM DTT) 
and clutcd with 2 N NH^H, pH \ l.O. The c utcd fraction was 
placed in 3.500 m.w. cut-off dialysis tubing {Spcclrum, Hous- 
Ton TX) and dialyzed against 20 mM Tri.s HCU pH 4.0, 
containing O.l mM DTT for 2 hr at 4^ The eluant was then 
concentrated against polyethylene glycol compound (m.w. 
15 000-20,000) to approximately 500 nl. Protein concentra- 
tions were estimated using the BCA protein assay following 
the manufacturer's instructions (Pierce, Rockford IL). 

SDS-PAGE purification of PSMA 

Affinity ailumn-purified PSMA was loaded into the lanes of 
an SDS-PAGE mini-gel at 30 |tg/Ianc. One lane of purified 
PSMA and one m.w. marker lane were stained with Coomas.sie 
blue. The remaining PSMA bands were seised using the 
stained lane as a guide and placed in dialysis tubing 02-14,UUU 
m w cut-off; Spectrum) containing 500 ^\ CAPS buffer (10 
mM CAPS, pH ll.O, 0.5 mM DTT) and elcctroelutcd for 2 hr 
at 12 mAmp in CAPS buffer. The acrylamidc bands were 
removed from the dialysis tubing and the cluted protein was 
dialyzed against distilled dcionized water for 2 hr. then 
removed from the dialysis tubing and dried in a Savant 
(Farmingdale, NY) Speed- Vac concentrator. 

Analysis of PSMA expression in semm 

After informed consent, scrum ^'"P»^f/^S?u o?rlp^^^ 
were collected. Scrum from patients with BPH or CaP were 
obtained ?r?m the tis.sue bank of the Virginia Prostate Center 
Eastern Virginia Medical School. Serum samples from 5 
non-pregnant normal women. 5 normal men under age of 
40 5 BPH patients and 5 patients with stage 
pooled. Twenty micrograms of affinity-purified PSMA was 
Sscd to spike 500 nl of the stage D2 pooled scrum and 
incubated for 12 hr at 37-C An additional 500 ^.1 of the same 
?Sc D2 pooled serum representing 29.09 mg of total pj^tem 
was incub^d in solubilization buffer (as described above) for 
2 hr at 4°C, applied to a 7EI 1-C5.3 affinity column, clutcd and 
prepared ks described above. Twenty five "''c«>g^7^*; of 
membrane preparations from LNCaP cells and normal pros- 
SLuc 100 ^tg of a normal seminal plasma; 400 |xg of the 
p kcTm serum? 20 ^.g of affinity-purified stage M serum; 
and 400 ag of non-spikcd D2 serum, BPH scrum, normal male 
serum an'd normal female serum were loaded into the lanes of 
2 denlical 4-20% SDS-PAGE gels, ^lectrophorcsed b!o«cd 
and developed for Western blot analysis as described above 
wl e1thc77En.C5.3 or an isotypc-matehed (IgG.) control 
antibody. 



Two dimensional gel electrophoresis ... .• 

Two-dimensional experiments were done "S'"? *ejnvesti- 
2 D El^trophofcsis System (MilHpore Marlborough 
MAUollowing the manufacturer's directions. Briefly. 10 tig of 
JSnii°-pS3 antigen was loaded f "^"P P;«P"'r„ 
f^lMtric focusing tube gel and ^^^^ff'f '^'l^^'^^flSavJil 

whh a 1% agarose sticker containing 0. 1% bromophenol blue. 
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The second dimension was run at 16 niAmp overnight. The gel 
was removed from the apparatus and blotted to Immobilon-P 
(Milliporc, Bedford. MA) for Western blot analysis. Isoelec- 
tric points were estimated by analyzing a tube gel, run at the 
same time as the sample, which contained only ampholytes. 
The analytical tube gel was cut into 1 cm sections and 
incubated in 3 ml double distilled water for 2 hr followed by pH 
measurement. 

RESULTS 

PSMA expression in prostate celt lines 

Initial Western blots of membrane preparations from LN- 
CaP xenograft tumors showed a predominant 100 kDa band 
and 2 higher m.w. species of approximately 180 and 160 kDa. 
Analysis of membrane extracts from cultured LNCaP cells 
gave identical results, whereas the prostate cell lines PC3 and 
DU145 did not express PSMA (Fig. 1 and data not shown). 
The 160 kDa band and an occasional 70 kDa band were 
transient and most likely represent breakdown products of the 
2 major species. Furihcrmorc, the 180 kDa band could be 
eliminated by increasing the SDS concentration in the sample 
buffer (data not shown). 

Two-dimensional gel electrophoretic analysis of PSMA 

To characterize the PSMA expressed by the LNCaP cell line 
further, two-dimensional gel electrophoresis was performed 
using purified PSMA from in vitro cultured cell membrane 
preparations. Surprisingly, identical isoelectric points for both 
species were observed, with the major spots at isoelectric 
points of approximately 5.6, 5.7 and 5.8 for both the 100 and 
180 kDa bands (Fig. 2), The tailing is consistent with the 
characteristics of integral membrane proteins. These results 
suggest that the 2 species are highly similar in their biochemi- 
cal nature. 

Comparison of PSMA 100 and PSMA 180 

The fact that identical isoelectric points were observed 
indicated that PSMA may exist in a dimer form. To look at this 
relationship more closely, affinity column-purified PSMA was 
separated by SDS-PAGE. The 2 m.w. species of 100 and 180 
kDa are clearly evident (Fig. 3, lane i ) along with some smaller 
bands, which most likely represent breakdown products. The 2 
major bands were excised, elect roclu ted, reapplied to an SDS 
gel and immunoblottcd with MAb 7E 11 -05.3. As shown in 
Figure 3, lane 2, the majority of the 100 kDa band remained at 
the appropriate m.w. However, a minority of this band mi- 
grated at the higher m.w. of 180 kDa. At the same time, the 
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Figure 1 - Western blot analysis of 50 M-gof membrane prepara- 
tions from LNCaP nude mouse tumors (lane 1), cultured LNCaP 
cells (lane 2) and PC3 cells (lane 3). The 100 and 180 kDa bands 
arc present in the LNCaP extracts but absent from PC3 membrane 
preparations. 
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Figure 2 - Two-dimensional gel electrophoresis of afliniiy- 
purificd PSMA. Ten micrograms of purified PSMA was analyzed 
as described in Material and Methods. Arrows indicate the 
isoelectric points of 5.6, 5.7 and 5.8 showing identical spots for 
both the 100 and 180 kDa species. 
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Figure 3 - Purified PSMA was separated on an SDS- PAGE gel 
and stained with Coomassie blue (lane I); the predominant bands 
of 100 and 180 kDa and some smaller breakdown products are 
shown. The individual bands were excised and purified by electro- 
clution from the gel slices. Gcl-purified PSMAIOO (lane 2) and 
PSMA 180 (lane 3) were then reanalyzed by Western blot, which 
showed the majority of both species migrating at 100 kDa, 
indicating that PSMA18() is a dimer of PSMAIOO. 



majority of the 180 kDa protein migrated faster at 100 kDa 
with a minority at 180 KDa (Fig. 3, lane 3). Increased 
concentrations of mcrcaptocthanol added to the loading buffer 
was not sufficient to reduce the 180 kDa band to 100 kDa in 
LNCaP membrane extracts, whereas increased SDS was able 
to denature the 180 kDa band totally to 100 kDa (data not 
shown). Additionally, trypsin digestion of the 2 bands followed 
by analysis on a silver-stained SDS-PAGE gel strongly indi- 
cated that the 2 bands were identical (data not shown). These 
data suggest that the 180 kDa species may be a dimer of the 
100 kDa band or another unidentified molecule that may not 
be completely denatured by the normal concentration of SDS 
in the loading buffer used for the SDS-PAGE gel analysis. 

Detection of PSMA in prostate tissue 

Membrane preparations of pathology confirmed normal, 
benign and malignant prostate tissues showed a Western blot 
banding pattern similar to that seen in LNCaP cell prepara- 
tions except the migration of both the 100 and 180 kDa species 
had slightly slower mobilities of 120 and 200 kDa, respectively 
(Fig. Aa jb, arrows). This expression of PSMA was observed in 
cerebral cortex and salivary gland membrane extracts (Fig. 5, 
lanes 4 and 5). The size of PSMA expressed by the cerebral 
cortex was similar to that seen in LNCaP cell line extracts 
(approximately 100 kDa) whereas the size of PSMA detected 
in the salivary gland was similar to that seen in prostate 
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FIGURE 4 - Detection of PSMA in prostate tissue, Western 
blot 0^50 ug of LNO membrane preparation (lane i), norma 
'p'c^tfte'ti^sle extracts (lanes ^r^), bPh nssue ex^^^^^^^^^^ 
f^Q\ and CaP tissue extracts (lanes 10-13). (b) western nioi 
^a vsis of pros ate extracts showing some of the heterogeneity 
Len t^onfe sampie^SO of trfcaP ^^fc^J^i^^^CT^B^^^ 
Mane O normal prostate tissue extracts (lanes 2 and 3), BPH 
^ue extracts (lances 4 and 5) and CaP ^^^f^^^^^^^^^^ 
7) Arrows indicate the shift tn the size of t^^^^^^f/^^^ ^^^ i^O 
and 180 kDa of LNCaP PSMA to the approximately 120 and -00 
kDa of the PSMA seen in tissue extracts. 

4 5 6 7 8 9 10 11 12 13 





Figure 6- Detection of PSMA in non-prtvstatc malignuncics. 
Western blot analysis of 50 M^g of membrane preparalicms from 
LNCaP cells (lane I), colon (lane 2), lung (lane 3), bladder (lane 
4) liver (lane 5) and breast adenocarcinoma (lane 6) showing the 
typical 100 and 180 kDa bands in the LNCiP cells bui no 
expression in other malignant tissues. 
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Figure 7 - Western blot competitive inhibition of M Ab 7E1 1- 
C5 3 with the PSMA peptide N1.19. (a) Membrane extracts from 
LNCaP (lane 1). PC3 (lane 2), normal prostate (lane 3). benign 
prostate (lane 4). prostate carcinoma (lane 5) and a senriinai 
plasma from a prostate carcinoma PJt*^"^ P/^^^.^^^ , '^^^ 
7Elt-C5 3 (B) The identical blot probed with MAb 7bll-O.J 
plus a 20 M excess of the PSMA NM9 peptide. The N 1 .19 peptide 
IS clearly able to abrogate MAb 7EU-C5.3 binding to its target 
antigen on prostate cell lines, tissues and seminal plasma. 



FIGURE 5 - Detection of PSMA in normal non-prostate tissue 
extracts Western blot of 50 ^.g of "membrane preparauons f^^^^ 
I NCaP cells (lane l)> small intestine (lanes 2 and 3), cerebral 
corux nfne 4)^aliva^ gland (lane 5). skeletal muscle (lane 6) 
S dIL (lane 7^ colon (lane 8). breast (lane 9), lune (lane 

10) ovar(bne 11). kidney (lane 12) and liver (lane 3). Lane 3 
epVe^^^^^^^ ttgof the satfle small int«^'"«..^how" 'n lane 2^^^ 
Kntestine?anes 2 and 3) shows a s™^^^^^^ 
bands, similar to what is seen in prostate »«"";^^j5a s^^^^^ 

5) is similar to that seen in prostate tissue, 
tissue extracts (approximately 120 

tein was not expressed m the majority of noo-prosta c lisbucs 
examined including normal skeletal and card.ac -^"^^'e- /o'""- 
breast lung, ovaryfkidney and liver tissues (Fig. 5. lanes 5-12) 
o a variet/of non-prosta« malignancies '"c ud.ng colon lu^g. 
bladder, liver and breast adenocarcinomas (F.g. 6, lanes 2-6). 

7E11-C5.3 reactive bands could be competitivefy blocked 
with PSMA peptides dqkaa 
The peptide epitope for MAb 7En-C5.3 on the PSMA 
glySpr^e'^n has been determined to be located at the amino 
fermfnaVend of the polypeptide backbone (Troyer « at.. 1995). 



The reactive peptide N1.19, representing the first 19 amino 
acids of PSMA. was used to block MAb 7E11-C5.3 rcactjv,^ 
competitively in immunoblot assays. The reactivity to LNCaP 
cell line extracts, prostate tissue extracts, and seminal plasnia 
(Fie 7a) could be totally eliminated by incubating the antibody 
with a 20-fold molar excess of the N1.19 peptide (Fig. lb). 
PSMA was not detected in the serum of prostate 
carcinoma patients 

Since other prostate markers arc detected in s'gn'^ant 
concentrations in serum, we wanted to detentime if PSMA 
SCid a so be detected in serum by Western btot analysis 
Rgure 8a shows the analysis of serum by Western blotting with 
MAb 7E11-C5.3. When these blots were exposed for the 
standard amount of time (1 to 2 min), no bands were evidenU 
but when the blots were exposed for more than 10 mm the 
oattern in Figure 8 was observed. Unes 1-3 in Figure 8o 
represent LNCaP. normal prostate /P*""^""* 
and normal seminal plasma, respectively. No'e the difference 
in size of the PSMA expressed in LNCaP (Fig. 8a, lane 1) 
compared with the tissue and seminal plasma (Rg- 8a, lanes J 
and 3> The size of PSMA shed into serum would be expected 
w be ^similar to the size of PSMA observed in tissue extracts 
and seminal plasma. Sera from 5 stagp D2 CaP patients were 
^Solfd and Analyzed in several ways. First, the serum was 
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FiQUKE 8 - Detection of PSMA in serum, (a) Western blot, 
using uE ! 1 -C5.3, of 25 M-g of an LNCaP membrane extract (lane I ) 
and normal prostate (lane 2) membrane extracts, 1(X) p.g of normal 
seminal plasma (lane 3), 400 p-g of spiked pooled stage D2 serum 
(lane 4), 20 M-g of affinity-purified stage D2 serum (lane 5). 400 ixg 
of pooled serum from stage D2 CaP (lane 6). BPH (lane 7). normal 
man (lane 8) and normal women (lane 9). (b) Western blot of 25 
^tg of an LNCaP membrane extract (lane I), 400 M-g of pooled D2 
serum (lane 2) and 800 fig of pooled D2 serum blotted with MAb 
7E11-C5.3. (c) The identical blot probed with MAb 7EII-C5.2 
plus Nl.19 PSMA peptide. No PSMA was detected by affinity 
chromatography of the pooled D2 serum (a, lane 5), and whereas 
bands are present in the pooled sera, the same bands are present 
in the pooled normal male and female serum. The bands in the 
LNCaP extract were eliminated by competition with the Nl.19 
peptide whereas the bands in the pooled serum remained. 



spiked with affinity-purified LNCaP PSMA and incubated for 
12 hr at 3TC prior to analysis by Western blot (Fig. 8f/, lane 4). 
The PSMA in the spiked scrum was at the expected m.w. of 
100 and 180 kDa, like the PSMA seen in LNCaP extracts, 
along with a larger band of unknown composition. Second, 29 
mg of the pooled stage D2 scrum was solubilized, passed 
through a MAb 7EII-C5.3 affinity column, washed and eluied 
from the column to remove the large concentrations of 
albumin and other proteins that make Western blot analysis of 
serum difficult. No PSMA was detected in the affinity column 
cluant although a significant amount of scrum proteins re- 
mained, particularly bands migrating at the expected m.w. of 
the heavy and light immunoglobulin chains, which may have 
adhered to the protein-A used to construct the affinity column 
(Fig. 8<i, lane 5). Third, 400 of the same stage D2 serum and 
400 pig of a pooled BPH, a pooled normal male and a pooled 
normal female scrum (Fig. 8a, lanes 6-9) were analyzed. 
Several bands were present following overexposure in all the 
sera including the normal female scrum but none at the 
expected m.w. of 120 kDa. 

The bands present in the pooled stage D2 serum did appear 
to be overexpressed compared with the BPH and normal sera. 
The presence of identical bands in the pooled normal female 
serum suggested that the bands seen on this blot were 
non-specific. To determine if this were the case, the.D2 pooled 
serum was subjected to SDS-PAGE gel electrophoresis in 
duplicate along with an LNCaP membrane extract. One of the 
blots was probed with MAb 7E1 1-C5.3 and the duplicate blot 
was probed with MAb 7E11-C5.3 containing the Nl.19 PSMA 



peptide. Figure 8^ shows the banding pattern for the LNCaP 
extract (Fig. 86, lane 1) and 400 and 800 p-g of the pooled D2 
serum (Fig. 86, lanes 2 and 3. respcciivciy). There is a reactive 
band at the approximate m.w. of 100 KDa in this pooled scrum 
that could be interpreted to be PSMA. However, while all of 
the reactive bands seen in the LNCaP membrane extract were 
eliminated by the NI-19 peptide competition (Fig. 8c, lane 1) 
none of the bands in the scrum were competed out (Fig. 8r, 
lanes 2 and 3). An identical pattern could also be produced if 
the pooled scrum blot was probed with only the secondary 
antibody or with an isotypc-matchcd IgGi control antibody in 
place of MAb 7EI 1-C5.3 (data not shown). 

Detection of PSMA ht'seminai plasma 

Since PSMA us a product of I he prostate glandular epithe- 
lium, it was of interest to determine whether it could be 
detected in seminal plasma. Western blot analysis of seminal 
plasma obtained from normal (NSP), BPH (BSP) and prostate 
carcinoma patients (CaSP) showed that PSMA was readily 
detectable in .seminal plasma with expression of the 12(1 KDa 
band and occasionally the 2(K) KDa band, similar to the pattern 
seen in tissue extracts (Fig. 9). NSP shc^wed the most consis- 
tent expression of PSMA, with little variation from sample to 
sample, demonstrating the 120 kDa band and often an KO kDa 
band (Fig. 9, lanes 2-5). BSP, like the BPH tissue extracts, 
exhibited variable expression of PSMA ranging from very low 
to overexprcssion (Fig. 9, lanes 6-9). The majority of the CaSP 
samples were similar in banding pattern to NSP. although one 
sample showed only the I HO kDa band. While it appears that 
the concentration of PSMA in CaSP is lower than in NSP, the 
total protein of these samples was significantly higher than in 
NSP or BSP. In fact, when equal volurncs of samples instead of 
equal protein ctincentraiions were u.scd for the immunoblots, 
the intensities of the CaSP hands were comparable to those 
seen in the normal samples (data not shown). 

DISCUSSION 

PSMA is a new prostate btomarker that appears to be 
overexpressed in poorly difTercntiated and metastatic prostate 
carcinomas (Wright es ai, 1995). Antibody-radionuclidc conju- 
gates have been successfully used to localize metastatic disease 
in vivo (Babaian et ai, 1994) and to treat human pn^slatc 
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FtctJRE 9 - Detection of PSMA in seminal plasma. Western blot 
of 50 M.g LNCaP membrane preparation (lane I) and equal protein 
concentrations (200 ^g/lane) of normal seminal plasma (lanes 
2-5), BPH seminal plasma (lanes 6-9) and CaP seminal plasma. 
Lanes 1-9 represent an exposure time of 2 min and lanes 10-13 
represent an exposure of 5 min. Note the slightly larger m.w. of 
PSMA in the seminal plasma compared with LNCaP extracts. 
Normal seminal plasma shows a consistent expression of PSMA 
whereas BPH seminal plasma is quite variable. The expression of 
PSMA in CaP seminal plasma appears to be lower, which may 
result from the much higher protem concentrations seen in CaP 
compared with normal or BPH seminal plasma. 
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tumors in nude mice (Axelrod et oL 1992). These reports 
suggest that PSMA may have important diagnostic. and thera- 
peutic applications. The present study provides information on 
[he presence and molecular size characteristics of PSMA in 
body fluids and tissue extracts from normal donors and from 
patients with benign and malignant tumors. 

The finding of 120 and 200 WDa bands in prostate tissue 
extracts was in contrast to the 100 and 180 kDa bands found in 
membrane extracts and purified PSMA preparations from the 
LNCaP prostate carcinoma cell line. This slower mobility ot 
PSMA in tissue extracts and seminal plasma may result from a 
Dost-transtational modification or an alternative splicing event 
The fact that normal, BPH and CaP ^i=*sac «tr acts exhibited 
the same size components (cither the 120 kDa band, the 200 
kDa band or both) indicates that the PSMA glycoproiem 
recognized by MAb 7E11-C53 is synthesized identically m 
norrnal and pathological prostate tissues. Additionally, the 
detection of PSMA in normal prostate tissue did not appear to 
be influenced by the significant time period between death and 
the collection of tissue during autopsy since the norma 
prostatic tissue (autopsy specimens) and CaP tissue (surgical 
specimens) showed similar results. 

The occasional higher m.w. species was most often seen 
when there was a large amount of the smaller band, suggcsimg 
that a strong relationship may exist ^ 
m w. components. Although it is possible that the 00/120 kDa 
species was a breakdown product of the 180/20O kDa band or 
that the 180/200 kDa component represented a precursor 
molecule of the 100/ 120 kDa band, one- and two-dimensional 
decuophoretic analysis of purified PSMA from LNCaP ex- 
tracts demonstrated that the 180 kDa species may be a dimcr 
of the 100 kDa component. The findings that the lOO*^D»ba"d 
may redimerizc following purification, a phenonrienon that has 
been reported to occur with other proteins (Huth c/ fl^-, IW), 
that the dimer was observed ""der denaturing and reduc^^^ 
conditions (Reiser et at. 1992) and that the PSMA cDNA 
done encodes for a 100 kDa glycoprotein (Israeli et ai, 1994) 
support the hypothesis that the 180/200 kDa component is 
most likely a dimcr of 2 PSMA 100/120 kDa molecules. 

PSMA was not found in extracts of other prostate cell lines, 
supporting previous reports (Horoszcwicz^r al 1987; Israeli e/ 
a/ 1994) Horoszcwicz et ai (1987) reported the finding of 
PSMA in frozen sections of proximal tubules of normal 
kidneys, and Lopes et ai (1990) described PSMA expression in 
cardiac and skeletal muscle by immunoperoxidasc staming. 
The same immunostaining reactivity was observed m f"rm a in- 
fixed, paraffin-cmbcdded sections of these -^orrnal tissues 
(data not shown). However, in the present study PSMA was 
not detected in extracts of these same normal tissues by 
Western blot analysis, which suggests that the immunoperoxi- 
dasc staining was non-specific. This conclusion c^n^^f 
with the facfthat 7EU-C5.3 antibody-isolope conjures did 
not localize to skeletal muscle in mice (Lopes^/ aL 1990) or in 
monkeys (D. Lopes, Princeton. NJ, personal communication). 
The detection of PSMA in extracts of normal cerebral cortex 
of the brain, normal salivary gland and normal small intestine 
CO relates with the finding of PSMA mRNA bra.n and 
salivary gland and no mRNA in other normal tissues, mc ludmg 
skS muscle (Israeliw^t, 1994). It isof interest to note that 
PSA has been found to be present in breast, colon, ovanan, 
parotid, kidney and liver tumors, normal breast, amniotic fluid 
breast milk (livesque et ai. 1995). normal salivary gland (van 
K^rker 1994) a^d normal endometrium (Clemetits and 
Sikiita;, 994). These results suggest that PSA as well can no 
^neer be regarded as a specific biomarker of the prostate 
dand In spite of the detection of PSMA in these tissues by 
fmmunobl^^^^^^^^ it has not been deteete^^^^ 
of frozen sections (Horoszcwicz era/., 1987; Lopes a/., IVW) 



or paraffin-embedded sections (data not shown) of normal 
brain, salivary gland and small intestine. This disparity may be 
the result of masked antigenic epitopes in the tissue sections or 
the fact that expression was below the detection limits of the 
immunohistochemistry assay. By using more sensitive assays, 
PSMA, like PSA, may eventually be found to be present m a 
variety of human tissues. The possibility that PSA may have a 
broader function than its association with semen liquefaction 
(Lcvcsque et at., 1995) points to the importance of determining 
the function of PSMA. 



The finding that different species of PSMA were detected in 
brain (100 kDa) ^ind salivary gland (120 kDa) supports the 
hypothesis that the differences seen between PSMA from 
LNCaP cells and prostate tissue extracts may result from a 
change in post-translalional modification or a splicing variant 
and arc not artifacts of in vitro cell culture. The high m.w 
smearing and multiple banding pattern of the immunoblot ol 
the small intestine formed a pattern markedly dilTcrcnt from 
that observed in LNCaP cell extracts and prostate and non- 
prostate extracts. The banding pattern was suggestive of a 
heavily glya)sylated glycoprotein or mucin, U is quite possible 
that MAb 7E1 1-C5.3 binds to an epitope other than PSMA in 
the small intestine, or such a pattern may be due to non- 
specific binding of the antibody. Since the secondary antibody 
(used without the primary MAb 7EI 1-C5.3) not bind blots 
of small intestine, it appears likely that ^^Ab Tbll-O.J 
specifically bound to a component in this extract. PSMA may 
be glycosylated differently in the intestine, thereby resulting in 
the dilTerent banding pattern. 

The detection of PSMA in seminal plasma but not scrum by 
immunoblot analysis was surprising since previous reports 
suggested that PSMA could be detected in scrum by an 
immunoassay (Horoszewicz et aL, mi) and Western bio 
(Rochon €t ai, 1994). The analysis of scrum m the present 
study resulted in multiple bands similar to those reported by 
kochon et ai (1994). They identified a band of 116 kDa as the 
PSMA component. In the present study a band between 100 
and 120 kDa was observed, and although it did appear that the 
bands in pooled stage D2 serum were slightly overcxpressed 
compared with normal and BPH serum, the same banding 
pattern was observed in both female and male serum, suggcsi- 
ine that these bands were the results of non-specific binding 
with either the primary or sc«»"dan< ^^^^ 
PSMA peptide (NL19) contaming the MAb 7E11-C5.J epi- 
looe {Trover et ai. 1995) was incubated with the antibody prior 
tC use asTprobe, the PSMA bands in the LNCaP cell extract 
were eliminated, whereas all the bands in the serum samples 
remained. These results clearly suggest that the bands ob- 
served in serum are non-specific, probably the result of 
non-specific binding by the secondaiy antibody. Smcc Rc^hon 
et ai (1994) did not compete the reactivity with purified PSMA 
or show results using only the secondary antibody the 1 16 kDa 
band they reported as being PSMA is most likely a serum 
Sotcin rcacti^ with the secondary antibody. In fact, we could 
Hons raTc an identical banding pattern in serum using only 
fhe se^ndary antibody for the immunoblot (data not shown)^ 
Vhes^ resultVand conclusions do ^9^^^^^'^'^^^^^^ 
PSMA is shed into .scrum. The failure to detect PSMA oy 
We«crn%lorn,ay have been «he result of deg^da.^ or 
masking of the antigenic epitope, although Pu^S^^.P^"^ °' 
^■Icific PSMA oeptides added to scrum were found to be 
sEand o^hrJbrrect m.w. when immunoblotcd. Altema- 
vet. the con^ntration of PSMA in.serum may have been too 
ow to be detected by Western blotting. However. PSMA was 
Z detected followilfg the enrichment (affinity pur.ficat.on) of 
serum over 200-fold. 

The 120 or the 200 kDa band (or both) PSMA components 
we« found to be present in seminal plasma from normal 
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donors and from patients with benign or malignant prostate 
tumors. The PSMA detected in seminal plasma from normal 
males and prostate carcinoma patients showed a consistent 
banding pattern, whereas the banding pattern in seminal 
plasma from BPH patients varied greatly. This variation is 
consistent with the observed reduction in PSMA mRNA 
(Israeli et aL 1994) and PSMA antigen expression (Wright et 
qL, 1995) in BPH specimens. The often low, absent and 
variable expression of the 120 kDa band in the BPH specimens 
may have resulted from splicing variants or post-translational 
modifications. 

Previously wc described the mapping of the MAb 7E I \ -C5.3 
epitope on PSMA (Troycr ct aL, 1995) and analyzed PSMA in 
prostate tissue immunohistochemically (Wright c/<7/., 1995). In 
the present study wc have shown that PSMA exists in tissues 
and seminal plasma as a predominant 120 kDa band; by 
contrast, PSMA is found as a 100 kDa glycoprotein in extracts 
of LNCaP cells. Occasionally, a dimcr form of PSMA having a 
m.w. of 180 (LNCaP cell extracts) or 200 kDa (tissue extracts, 
seminal plasma) is observed. The finding of PSMA in seminal 
plasma, coupled with the ovcrcxpression of PSMA observed in 
poorly differentia ted and metastatic prostate tissues (Wright e/ 
ai., 1995), suggests that measurement of PSMA concentrations 



tn seminal plasma might be used to predict and monitor tumor 
progression. Although Western blot analysis failed to detect 
PSMA in serum, further studies will be required to determine 
if any form of PSMA is shed in scrum. The production of 
second generation antibodies against different antigenic 
epitopes other than the one recognized by MAb 7E11-C5.3 
may be required to develop a highly sensitive immunoassay to 
determine if PSMA is or is not present in scrum. Finally, the 
finding of PSMA in extracts of brain, .salivary gland and small 
intestine raises cenain issues regarding the safety of using 
MAb 7E11-C5.3 immunoconjugates for diagnostic imaging 
and especially antibody-targeted therapy. These cross- re activi- 
ties, however, should not datiipcn efforts to understand fully 
the function and clinical potential this novel biomarker may 
have in the diagnosis and therapy of prostate cancer. 
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Location of Prostate-Specific Membrane Antigen 
in the LNCaP Prostate Carcinoma Cell Line 
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BACKGROUND. Prostate-spedfic membrane antigen (PSMA) is a novel prostate biomarker 
overexpressed in poorly differentiated and metastatic prostate carcinomas and apparently 
upregulated following hormone-ablation therapy, PSMA appears to be a satisfactory target 
for antibody-directed imaging of prostate carcinomas despite the recent finding that the 
antigeruc epitope recognized by monodpnal antibody (MAb) 7E11-C5 is found in the cyto- 
plasmic domain of this transmembrane glycoprotein [Trover et al.; Urol Oncol 1:29-37, 
1995]. This finding prompted the present investigation to precisely define the cellular loca- 
tion of PSMA in the LNCaP prostate carcinoma cell line, the line used to generate MAb 
7E11-C5. 

METHODS. Subcellular fractionation, immunofluorescence and immunoperoxidase stain- 
ing of live and fbced cells, and immunoelectron microscopy were used to determine the 
localization of PSMA in LNCaP cells. 

RESULTS. PSMA was found to be localized at the inner face of the plasma membrane as 
well as being associated with mitochondria. Stairung of LNCaP cells, treated by serum 
starvation followed by serum stimulation, showed no changes in the typical cytoplasmic 
staining pattern. 

CONCLUSIONS. The data suggest that the PSMA target epitope for antibody-directed 
imaging with MAb 7E1 1-C5 only becomes accessible upon apoptosis or necrosis. This further 
suggests that antibodies directed at the extracellular domain may enhance the sensitivity of 
antibody-directed imaging and therapy of prostate carcinomas by recognizing surface 
epitopes of PSMA on living cancer cells. Prostate 30:232-242, 1997. © 1997 WUey-Liss, Inc. 

KEY WORDS: tumor; biomarker; cancer; tumor antigen; PSMA 



INTRODUCTION 

Prostate cancer is the most commonly diagnosed 
adenocarcinoma and the second most common cause 
of cancer deaths in men in the United States [1]. The 
number of deaths attributed to prostate cancer is in- 
creasing at a rate of approximately 8% a year [1], 
which means that between 1995 and the year 2000, 2 
million males will be diagnosed and of these approx- 
imately 300,000 will have died in just a 5-year time 
span. Therapy options for prostate cancer have not 
improved over the past decade and remain limited. 
Additionally, few model systems exist which allow 
for the study of novel therapeutic modalities. There- 
fore, in order to advance the treatment options for 



prostate ciancer, novel strategies for diagnosis 
therapy will be needed to improve the life exp 
of patients diagnosed with this disease. 

The use* of monoclonal antibody (MAb)- 
imaging and therapy has shown great promise 
improving the survival of prostate cancer 
However, improvements such as increased sensiti 
ity and specificity must be realized before many of ^ 
these antibody-directed techruques can be routinely = 
utilized for clinical applications. These improvements J 
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are entirely dependent on an in-depth understanding 
of the MAb, the antigenic epitope recognized by the 
antibody, and the molecule which carries the epitope. 
VVith this knowledge in hand, appropriate modifica- 
tions may be made to improve existing applications. 

The prostate-specific membrane antigen (PSMA) is 
recognised by the MAb 7E11-C5.3 which was first 
described by Horoszewicz et al. in 1987 (2). It appears 
to be overexpressed in poorly differentiated and met- 
astatic prostate carcinomas [3] and antibody-radionu* 
cleotide conjugates have been successfully used to 
localize metastatic disease in vivo [4,5] and to treat 
human prostate tumors in nude mice [6]. These re- 
ports suggest PSMA may have promise as an impor- 
tant new diagnostic and therapeutic tool for prostate 
cancer. Like many clinical strategies, the sensitivity of 
MAb 7E11-C5.3 conjugates for use in the diagnosis or 
treatment of prostate cancer may depend on the ac- 
cessibility of the 7E11-C5.3 epitope within a tumor 
mass. Previous reports have indicated that the MAb 
rEll-C5.3 epitope on PSMA is located in the pro- 
posed intracellular domain of the PSMA molecule [7] 
which would seem to hinder the ability of MAb 7E11- 
C5.3 to bind to PSMA in intact cells. In the present 
study, the defixutive immunolocalization of MAb 
7E11-C5.3 in LNCaP cells has been determined by 
subcellular fractionation, and immunofluorescence 
and immunoelectron microscopy. 

MATERIALS AND METHODS 

Monoclonal and Polyclonal Antibodies 

The MAb 7E11-C5.3, purified by protein- A affinity 
chromatography from murine ascites, was provided 
bv Cytogen Corporation (Princeton, NJ). The MAb 
concentration was determined using a single radial 
immunodiffusion system (TAGO, Burlingame, CA). 
MAbs OKT-9 (Ortho Immunology Systems, Raritan, 
MJ), MU213 (BioGenex, San Ramon, CA), and prolif- 
erating cell nucleeir antigen (PCNA; DAKO Corpora- 
tion, Carpinteria, CA) were purchased and utilized 
according to the manufacturers' recommendations. 

Tissue Culture 

LNCaP cells were obtained from the American 
Type Culture Collection (Rockville, MD) and were 
grown in RPMI 1640 medium supplemented with 
L-glutamine and 5% fetal calf serum (Gibco-BRL, 
Gaithersburg, MD) at 3TC and 5% carbon dioxide. 

Mechanical Subcellular Fractionation 

The method employed here was modeled after 
several studies found in the literature [8-10]. Briefly, 
cultured LNCaP cells (2 x 10*) were harvested and 



lysed in a hypotonic mediuxn (1 mM NaHCO^, then 
doimce homogeiuzed with 50 up and down strokes. 
It was imperative that the majority of the cells were 
lysed since the initial centrifugation steps would pel- 
let out unbroken cells as well as nuclei. Therefore, the 
homogenization was monitored by trypan blue stain- 
ing and the subsequent steps were not performed 
until >99% of the ceDs were lysed. The homogenate 
was centrifuged at 500g for 5 min at 4X. and the pellet 
resuspended in buffer containing 16% sucrose then 
underlayed with 20% sucrose and centrifuged in a 
swinging bucket rotor at 150,000^ for 60 min at 
The nuclei were pelleted to the bottom of the 20% 
sucrose while other membrane components re- 
mained at the interface of the two layers. The super- 
natant was removed by aspiration and the nudear 
pellet resuspended in 16% sucrose and centrifuged 
again to remove any residual membranes since it has 
been shown to be difficult to obtain totally pure nu- 
clei [10]. The supernatant from the 500g spin was 
centrifuged at 10,000g for 15 min at 4'C. The pellet 
from this step represented the heavy membrane frac- 
tion (HM) containing predonunately the rough endo- 
plasmic reticulum (ER), the Golgi apparatus, and mi- 
tochondria. The supernatant was centrifuged at 
150,000g for 60 min at 4X. The pellet from this step 
was the light membrane fraction (LM) containing 
smooth endoplasmic reticulum, plasma membrane, 
and any vesicular membranes while the supernatant 
represented the soluble cytoplasmic fraction (Q. 

The fractions obtained from this fractionation 
method were analyzed by Western blot and enzyme- 
linked immunosorbent assay (ELISA) for the pres- 
ence of PSMA. Control antibodies, used as markers 
for mitochondria (MU213), plasma membrane (OKT- 
9), and nucleus (a PCNA), were utilized to verify that 
the partitioning was efficient. 

Living LNCaP Immunofluorescence Staining 

LNCaP cells were grown to approximately 50% 
confluency on collagen-coated chambered slides 
(Nunc, Naperville, IL). The medium was removed by 
aspiration and the cells were washed twice with 
phosphate-buffered saline (PBS; 136 mM NaQ, 1.7 
mM KQ, 8 mM Na2HP04, 1.5 mM KH2PO4, 0.9 mM 
CaQz, 0.5 n\M MgOj, pH 7.4) warmed to 37"C. 
Blocking serum (10% goat serum in PBS) was added 
to the chambers and incubated at room temperature 
for 1 hr then removed by aspiration. The primary 
antibody (7E11-C5.3 at 20 M-g/inl, OKT-9 at 15 M-g/ml, 
PSA-5 at 1 M-g/ml, or IgGl isotype-matched control at 
10 M-g/ml) was added to the cells and incubated at 
room temperature in a humid chamber for 1 hr. The 
cells were washed twice with PBS followed by the 



addition of secondary antibody (fluorescein isothio- 
cyanate [FITC]-labeled goat F(ab') a mouse antibody 
with Evan's blue counter stain [Baxter Healthcare 
Corporation, West Sacramento, CA]) and incubated 
at room temperature for 1 hr. The cells were washed 
twice with PBS then visualized with a fluorescence 
microscope. Duplicate specimens were prepared for 
each antibody tested in the above experiment and all 
subsequent microscopic techniques used. 

Fixed LNCaP Cell Immunofluorescence Staining 

LNCaP cells were grown to approximately 50% 
confluency on chambered slides as described above. 
The cells were fixed for 20 min in 10% buffered for- 
malin and rinsed twice with PBS. The cells were per- 
meabilized briefly in 0.1% Triton-XlOO in PBS for 5 
min, washed twice with PBS, then stained as de- 
scribed above using 7E11-C5.3, OKT-9, PSA-5, and 
the IgG isotype-matched negative control antibody. 

Immunoperoxidase Staining 

The immunoperoxidase staining was carried out 
exactly as described above for the fixed immunoflu- 
orescence staining, except that the Vectastain Elite 
ABC kit (Vector Laboratories, Burlingame, CA) was 
used with a peroxidase-labeled horse a mouse anti- 
body. The positive staining was visualized by the ad- 
dition of a color substrate (diaminobenzidine [DAB]) 
for 10 min, then rinsed twice with PBS and counter- 
stained with Mayer's hematoxylin for 5 min. 
Cytospin preparations were also made of LNCaP cells 
by first removing adherent ceUs from culture flasks 
using PBS-ethylenediaminetetraacetic add (EDTA). 
Cells were washed twice in PBS and then resus- 
pended in 10 ml PBS. Cytospin cups were loaded 
with 200 M-l of cell suspension and spun at 400 rpm for 
5 min. Slides were air dried and fixed for 20 min in 
10% buffered formalin, followed by 5 min in 70% 
ethanol. The cytospin slides were then stained as de- 
scribed above for chambered slides. 

Immunoelectron Microscopy 

To definitively determine the localization of the 
PSMA glycoprotein, a method for immunoelectron 
microscopy of PSMA was designed from previously 
reported studies in the Uterature (11-13]. LNCaP cells 
were grown to confluency on plastic coverslips. The 
coverslips were fixed in half-strength Karnovsky's 
fixative (2% paraformaldehyde and 1% glutaralde- 
hyde in cacodylate buffer) for 30 min then osmicated 
in osmium tetroxide following standard conditions. 
The coverslips were embedded in LR-White and po- 
lymerized overnight at 4*'C. Ultrathin sections were 



cut with a glass knife and mounted on ,^ 
grids. The grids were stained using the hanging 
method by suspension on drops of blocking 
(10% goat serum in filtered PBS) for 1 hr, thb. 
mary antibody (7E11.C5 or IgG control) for up 
hr, rinsed by repeated hanging drop incuba*:: 
wash buffer, then incubated with a secondary 
anti-mouse Ig antibody labeled with a 10 nm 
bead (Amersham Life Science, Arlington 1 
IL). Following several rinses, the grids were c, 
stained by placement at the bottom of a drop 
tered uranyl acetate for 15 min in the dark then r- 
three times by dipping 20 times for each wash in 
sterile water. After the final rinse, the grids 
placed at the bottom of a drop of lead dtrate 
stained for 15 sec then rinsed three times as descri* 
above. The grids were air dried on filter paper 
analyzed on a JEOL transmission electron 
scope. 

Serum Starvation Stimulation 

LNCaP cells were grown to approximately 
confluency on chambered slides as described a 
The cells were washed three times with PBS wa._, 
to 37°C, serum-free RPMI 1640 medium was added 
each well, and the slides were incubated for an ad 
tional 48 hr at 37'C. Following serum starvation, 
serum- free medium was removed by aspiration , 
replaced with RPMI 1640 medium supplemen 
with 5% calf serum and incubated at 3TC. £ 
were removed at time points (0 min, 15 min, 30 _ 
60 min, 2 hr, 4 hr, 6 hr, 8 hr, 10 hr, 24 hr, and 48 
following serum starvation and fbced for 20 min 
10% buffered formalin and stored in PBS at 4''C. After 
all of the time points were collected and fixed, the 
cells were permeabilized brietly in 0.1% Triton-XlOO 
in PBS for 5 min, then washed twice with PBS. Im- 
munofluorescence staining was carried out as de- 
scribed above using MAb 7E11-C5.3 and an IgGl is0^ 
type-matched control antibody. All assays were run 
in triplicate. 

Mitochondrial Purification 

Mitochondria were purified fi-om LNCaP cells fo^ 
lowing a previously reported procedure [14]. Sbc 162 
cm^ tissue culture flasks were seeded with LNCaP 
cells and grown to confluency. The cells were har- 
vested then pelleted by centrifugation. The cell pellet 
was resuspended in 6 ml 1 x mitochondrial isolation 
buffer (MIB; 0.25 M sucrose, 40 mM Tris, pH 7.0, 0.1 
mM EDTA) then dounce homogeruzed on ice with 40 
up and down strokes. The homogenized material was 
centrifuged in a Beckman JA20 rotor at 2,000 g for 30 
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min at 4**C, and the supernatant was collected and 
centrifuged at 8,500 ^ for 35 min at The super- 
natant from this step was discarded, and the pellet 
resuspended in 6 ml 1 x MIB and centrifuged at 
3,500 g for 35 min. The supernatant from this step 
was discarded and the pellet resuspended in 6 ml 1 x 
MIB and dounce homogenized. This suspension rep- 
resented the crude mitochondrial fraction. The crude 
mitochondrial fraction was applied to a two-step su- 
crose gradient compx)sed of 10 ml of 25% sucrose in 
IE buffer (10 mM Tris, 0.1 mM EDTA) and 13 ml of 
42.5% sucrose in TE buffer and centrifuged at 26,000 
y tor 75 min at 4**C. The percentage of sucrose in each 
solution was confirmed by a refractive index of 1.3775 
and 1.4035, respectively. The mitochondria were col- 
lected at the interface of the two sucrose layers and 
diluted in two volumes TE buffer and applied to a 
second sucrose gradient purification. The mitochon- 
dria were again collected at the interface of the two 
sucrose layers, diluted in 2 volumes TE buffer then 
centrifuged at 22,000 g for 20 min at 4*'C. The pellet 
from this step, representing the purified mitochon- 
dria, was resuspended in 2 volumes PBS and stored 
at -20*'C until needed. 

RESULTS 

CAP Cellular Subfracttonation 

Following subcellular subfractionation procedures 
carried out on cultured LNCaP cells, the PSMA gly- 
coprotein was detected by Western blot analysis in 
both the HM and the LM fractions at approximately 
100 kDa (Fig. 1). The HM fraction also contained a 
higher molecular weight band which was barely de- 
tectable in the LM fraction, indicating that two pools 
of this molecule exist in LNCaP cells. A small amount 
of reactivity was also seen in the nuclear fraction but 
may be due to contamination. A panel of control an- 
tibodies, including antibodies against the PCNA, 
HSP60 (MU213), the transferrin receptor (OKT-9), 
and prostate-spedfic antigen (PSA), was utilized to 
monitor the efficiency of the fractionation (data not 
shown). 

Immunofluorescence Microscopy of PSMA in 
LNCaP Cells 

LNCaP cells grown on tissue culture slides were 
stained without fixation or permeabilization prior to 
immunofluorescence staining with MAb 7E11-C5.3 or 
a control antibody (OlCT-9) specific for the extracellu- 
lar domain of the transferrin receptor. The transferrin 
receptor antibody was able to bind its epitope on the 
extracellular face of the LNCaP cells, resulting in a 
ring of staiiung around the cells (Fig. 2A) as expected 
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Fig. I . Western blot analysis of cellular fractions. The majority of 
PSMA was found in the light nf>enibrane (LM) and heavy membrane 
(HM) fraaions with very little in the nuclear (N) and cytoplasmic: 
(C) fractions. 



for this extracellularly expressed epitope. On the 
other hand, MAb 7E11-C5.3 was unable to bind to its 
epitope (Fig. 2B), indicating its epitope was intracel- 
lular. 

To more definitively determine the localization of 
PSMA within the LNCaP cell line, cells grown on 
tissue culture slides were fbced with buffered forma- 
lin and permeabilized briefly in a weak detergent so- 
lution prior to staining. The isotype-matched control 
antibody did not stain the LNCaP cells (Fig. 2C) and 
all that was visible was the red counterstaining of the 
Evan's blue. Staiiung with PSA-5 showed a remark- 
able vesicular staining of the LNCaP cells (Fig. 2D), 
suggesting a localization in secretory vesicles. The 
transferrin receptor appeared to be predominantly lo- 
calized to the plasma membrane (Fig. 2E), as demon- 
strated by the circumscription of the cell by the yel- 
low fluorescence. The stairung for PSMA with MAb 
7E11-C5.3, however, appeared to be cytoplasmic and 
not localized at the plasma membrane or the nucleus 
(Fig. 2F), There was no circumscription of the cells as 
seen with the transferrin receptor and no vesicular 
staining similar to PSA. 

A similar set of experiments were carried out using 
immunoperoxidase stairung methods and visible 
light microscopy with identical results. The staining 
pattern for PSMA was observed to be cytoplasmic 
(Fig. 3A,B) while the transferrin receptor was re- 
stricted to the plasma membrane (Fig. 3C). 

Immunoelectron Microscopy of PSMA 
in LNCaP Cells 

A series of immunoelectron microscopy -studies 
were then performed to definitively determine the 
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Fig. 2. Uve and fixed cell inununofluorescent analysis of LNCaP 
cel^ For che live cell assay, LNCaP cells were grown on tissue 
culture slides, washed, and reacted with MAb without fixatioa 
A: Positive staining (yellow-green ring around cells indicated by 
arrows) of the extracellular domain of the transferrin receptor 
with MAb OKT.9. B: MAb 7EI I-C5 did not react with LNCaP 
cells under the same conditions. Only the Evan's blue counterstain 
(red fluorescence) is observed. Fixed LNCaP cells were reaaed 



intracellular localization of PSMA within the cyto- 
plasm of LNCaP cells. The first set of experiments 
utilized a chromagen (DAB) appearing as electron- 
dense particles to visualize PSMA staining. Figure 4 
shows the positive staining of MAb 7E11-C5.3 at the 
cytoplasmic face of the ceil membrane (CM) and mi- 
crovilli (MV) (Fig, 4A,B) and within several mitochon- 
dria (Fig, 4G). 

To more precisely demonstrate the localization of 
PSMA, a secondary MAb directly labeled with a 10 
nm gold bead was used in place of chromagen stain- 
ing. Immunogold staining with MAb 7E11-C5.3 also 
resulted in positive staining with a concentration of 
gold beads at the cytoplasmic face of the CM and near 
a gap junction (CJ) between two LNCaP cells (Fig, 4E) 




with either the IgGI isotype-matched control (C), MAb 
(D), MAb OKT-9 (E). or MAb 7EII-CS (F). The isotype-i 
antibody control was negative while PSA-5 gave a very 
staining pattern (arrow). OKT-9 staining was similar to that ob- 
served in the live cell assay in that the staining was confined to the 
plasma membrane (arrows), whereas LNCaP cells stained with 
MAb 7E 1 1 -CS appeared to be predominantly cytoplasmic and not 
localized to the nucleus or exclusively to the plasma membrane. 



and concentrated in and around mitochondria (Fig." 
4H). When LNCaP cells were reacted with 
OKT-9, immunogold staining was localized to th^ 
outer face of the plasma membrane (Fig. 4D). S[ 
staining of the plasma membrane or mitochondria 
was not observed when an isotope-matched MAb'^ 
was used (Fig. 4C,F). 

PSMA Identified in Mitochondria 

Since two separate experiments suggested that 
PSMA was, in part, localized to the mitochondria of 
LNCaP cells, mitochondria were purified from whole s 
cell lysates and analyzed for the presence of PSMA. ' 
The 100 kDa PSMA glycoprotein was present in the 
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Fig. 3. Immunoperoxidase staining of LNCaP cells. A: Cultured 
INCaP cells, fixed, and reacted wrth MAb 7E 1 1 -CS show intense 
cytoplasmic staining. B: C/tospin preparation of fixed LNCaP cells 
reacted with MAb 7E 1 1 -CS also shows intense cytoplasmic stain- 
ing. C: Cytospin preparation of fixed LNCaP cells reacted with the 



anti-transferrin receptor MAb OKT-9. In contrast to the cytoplas- 
mic staining with MAb 7E 1 1 -C5, MAb OKT-9 resuiu in the ring 
membrane staining pattern typical for the location of an extracel- 
lular membrane epitope. 



LNCaP lysate (Fig. 5, lane 1), crude mitochondrial 
preparation (Fig. 5, lane 2), and purified mitochondria 
following several sucrose gradient centrifugation 
steps (Fig. 5, lane 3), adding further evidence that 
PSMA is associated with the mitochondria of LNCaP 
cells. 

Further evidence for PSMA association with mito- 
chondria was shown by copurification of a mitochon- 
drial protein with PSMA. A third major band of an 
approximate molecular weight of 40 kDa was copuri- 



fied with PSMA on a MAb 7E11-C5.3 affinity column 
when low detergent wash buffers were used on the 
column (Fig. 6, lane 1), but was not immunoreactive 
(lane 2). This band was blotted to nitrocellulose and 
subjected to amino acid sequence analysis. The 
amino acid sequence of this band was completely 
identical to the precursor form of the mitochondrial 
isoer\zyme of aspartate aminotransferase (m-AST), 
which is also known as S glutamic oxalacetic transam- 
inase (SCOT) (data not shown). 
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Fig. 4. Immunoelectron microscopy of LNCaP cells. Location of 
the PSMA-7E 1 1 -CS complex was detected using either a peroxi- 
dase (DAB; Panels A. B. F. and G) or colloidal gold (Panels C-F) 
procedure as described in Materials and Methods. The PSMA-an- 
tibody complex was occasionally found at the cytoplasmic side of 
the cell nriembrane (CM) (A, arrow), and microvilli (MV; Panel B, 
arrow). No DAB or gold beads were found to be localized to the 
cell membrane in cells reacted with an tsotype control MAb (neg- 
ative control) (C). D: Location of gold beads at the outer face of 
the plasma membrane (arrows) of cells reacted with MAb OKT-9 



Effects of Serum Starvation and Stimulation on 
PSMA Localization 

LNCaP cells examined after serum starvation fol- 
lowed by serum stimulation showed the typical cyto- 



(positive membrane control). The most comnrwn location of the 
PSMA-7E 1 1 'CS complex was at the inner face of the plasma menv 
brane (E) and in mitochondria (G, H). Panel E shows a cluster of 
gold beads under the cell membrane (CM) (arrow) near a gap 
junction (GJ). Panels F. G are examples of mitochondria reacted with 
either the isotype control MAb (F). or with MAb 7E 1 1 -CS (G. H). 
Immune complexes were not deteaed with the control antibody 
(F), whereas PSMA was localized within and around (arrows, G and 
H) mitochondria with MAb 7E 1 1 -C5. Magnifications: x 1 3.000 (G): 
X 28.000 (C. F): X 81.000 (B. D); x 97.000 (A, E. H). 



piasmic immunofluorescent staining pattern of 
PSMA observed under normal growth conditions, 
suggesting that the localization and expression of 
PSMA was not dependent on extracellular signals. 
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Fig> 5* Western blot analysis of crude and purified mitochondria. 
The mitochondria were purified by a series of centrifugation steps 
and sucrose gradient centrifugation. The LNCaP cell lysate con- 
tained a significant anrwunt of the 100 kDa PSMA glycoprotein 
(lane I) as did the crude mitochondrial preparation (lan« 2) and 
che pure mitochondria following two sucrose gradient centrifuga- 
tion purifications (lane 3). indicating chat PSMA is found in the 
mitochondrial fraction of LNCaP cells. 

Fig. 6. Identirtcation of the mitochondrial subuntt SGOT-AST 
copurified with PSMA. Affmity-purified PSMA was separated by gel 
electrophoresis and the gel either stained with coomasste blue 
(lane I ) or immunobloaed with MAb 7E 1 1 -C5 (lane 2). Both the 
too and 180 kOa PSMA bands were deteaed by staining and 
immunobloning, with the 100 kOa band being highly reactive (lane 
2). Note the prominent 40 kDa SGOT-AST band, which copurified 
with PSMA (lane I ), was not immunoreactive with MAb 7E 1 1 -C5 
(lane 2). 



DISCUSSION 

PSMA is a transmembrane glycoprotein found to 
be predominately expressed by normal, benign, and 
malignant prostate epithelial cells and overexpressed 
in high-grade and metastatic prostate carcinomas [3]. 
The function of PSMA remains unknown. Recently, 
we reported that the antigenic epitope recognized by 
MAb 7E11-C5 was located on the intracellular or cy- 
toplasmic domain of PSMA [7]. Interestingly, MAb 
7E11-C5 conjugated to *^^In has been successfully 
used to image metastatic prostate carcinomas in vivo 
[4,5]. It is currently believed that for most antibodies 
to be effective for in vivo imaging of tumors, they 
must bind to an extracellular or surface membrane 
antigen. Since it appeared from our previous studies 
[3,7] that MAb 7E11-C5 bound to a cytoplasmic anti- 
gen, how does MAb 7E11-C5 image occult prostate 
carcinomas if it cannot penetrate the plasma mem- 
brane of the intact cancer cell? The present investiga- 
tion was performed to address this issue and to pro- 
vide definitive information about the cellular 
localization of reMA. The LNCaP prostate cell line 
was selected for this study because it was the cell line 
used to generate MAb 7E11-C5. 

Live cell immunofluorescence staining of LNCaP 



cells showed that MAb 7E11-C5 was unable to bind 
its target epitope, in contrast to a MAb to the trans- 
ferrin receptor which expectedly bound to its epitope 
at the extracellular face of the plasma membrane. 
When fixed and permeabilized LNCaP were stained 
with MAb 7E11<;5, a diffuse cytoplasmic staining 
pattern was observed. This cytoplasmic staiiung pat- 
tern was observed by both immunofluorescent and 
immtmoperoxidase methods, suggesting that the cy- 
toplasmic staining was not due to an artifact of the 
staining method. It may, nevertheless, be argued that 
the weak detergent permeabilization of the cells prior 
to staining caused the cell membrane to dissipate, 
resulting in the cytoplasmic staiiung pattern. How- 
ever, cells treated in the same maimer and stained 
with MAb OKT-9 to the transferrin receptor showed 
the typical membrane staining [15] around the cir- 
cumference of the cells, indicating that detergent 
treatment was not sufficient to cause diffusion or loss 
of the membrane epitope. These findings strongly 
supported a cytoplasmic location of the PSMA 
epitope recognized by MAb 7E11-C5. 

We next attempted to pinpoint the intracellular lo- 
cation of PSMA by performing cellular immunoelec- 
tron and subfractionation experiments. Immunoelec- 
tron microscopy of LNCaP cells showed that PSMA 
was in fact found at two locations inside the cell. The 
PSMA epitope recognized by MAb 7E11-C5.3 was re- 
peatedly found localized at the cytoplasmic face of 
the plasma membrane, strongly supporting the con- 
clusion of an intracellular epitope. The only distinct 
positive staining in addition to the plasma membrane 
was found within and surrounding the outer mito- 
chondrial membrane. A localization solely at the cy- 
toplasmic face of the cell membrane would result in a 
ringed staining identical to that of an extracellular 
epitope. However, the additional localization to mi- 
tochondria would explain the diffuse cytoplasmic apH 
pearance of the staining at the light microscopy level. 
Positive staining for PSMA at both the cell membrane 
and mitochondria was observed utilizing both indi- 
rect chromagen staining and diiect staining with a 
gold-labeled secondary antibody. These identical re- 
sults using multiple immunoelectron microscopy 
techniques, as well as the negative staining by an 
isotype-matched control antibody, suggest the stain- 
ing was specific. 

Although the controls used for the immunolocal- 
ization experiments strongly suggested that our con- 
clusions for the intracellular location of PSMA were 
valid, we felt that further experiments were needed 
to prove that PSMA was found in or associated with 
the mitochondria. When purified mitochondria from 
LNCaP cells were tested by Western blot analysis, a 
high concentration of PSMA was observed. Although 
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the purity of the purified mitochondrial preparation 
was not examined by electron microscopy, the puri- 
fication procedure used routinely yields a highly pu- 
rified preparation [14]. Furthermore, it seems un- 
likely that a small amount of contamination with 
other cellular membranes would have given such a 
strong signal upon iminunoblotting with MAb 7E11- 
C5.3. 

The cellular subfractionation of LNCaP ceils also 
clearly demonstrated two pools of PS MA; one pool in 
the LM fraction most likely consisting largely of 
plasma membrane components indicated by the high 
concentration of PSMA measured by ELISA and 
Western blot analyses; and the other in the HM frac- 
tion contairiing mostly intracellular organeUes. Only 
very small amounts of PSMA were found in either the 
cytoplasmic or nuclear fractions. The. HM fraction 
may also contain a significant number of plasma 
membrane proteins that happen to be contained in 
the rough ER as they transit from the ER to the mem- 
brane. The concentration of these plasma membrane 
components in the ER may be enhanced if there is a 
defect in trafficking of molecules through this path- 
way [16]. Alternatively, PSMA may be found in the 
mitochondria of LNCaP cells since the mitochondria 
make up a significant portion of the HM fraction as 
judged by the detection of significant concentrations 
of the mitochondrial-spedfic Hsp60 protein. 

Collectively, the data from the different experi- 
ments described in this report strongly suggest the 
PSMA glycoprotein is localized at the plasma mem- 
brane with the epitope facing the cytoplasm and that 
it is also present within mitochondria. While it was 
quite unexpected to find a prostate-specific glycopro- 
tein localized to an organelle considered to be rather 
generic in its constitution, there is precedent for the 
localization of plasma membrane glycoproteins to the 
mitochondria. For example, the Her2/neu oncogene 
product has also been shown to be localized at the 
plasma membrane and mitochondria [17]. Interest- 
ingly, like PSMA, a large percentage of Her2/neu 
stairung in prostate and breast carcinoma cells ap- 
pears to be cytoplasmic in nature [18,19] and not lo- 
calized solely at the plasma membrane. This would 
seem to suggest there is a significant amount of com- 
munication between the extracellular environment 
and intracellular organelles. It is likely that a moni- 
toring mechanism exists which may modify the met- 
abolic activity of the organelle and that a significant 
number of plasma membrane receptors, including 
Her2/neu and PSMA, may be involved in this pro- 
cess. While such a mechanism may not have been 
proposed 10 years ago, a similar communication has 
been described among the mitochondria, peroxi- 
somes, and the nucleus [20] and during starvation. 



myocardial cells app>ear to have an adaptive inl 
tion between the intracellular and extracellular 
rorunents [21]. AdditiormUy, many studies have 
carried out in recent years on the organization of 
extracellular matrix, concluding that cells seem to 
able to sense the macromolecular composition of 
extracellular matrix and to modify their produ( 
matrix components accordingly [22]. These si 
indicate that a considerable amount of comm' 
hon occurs between the different cellular comi 
nents. Therefore, the suggestion that PSMA may 
involved in subcellular communication is not withi 
precedent. 

Serum starvation or stimulahon of LNCaP cells 
failed to alter the staining pattern of PSMA. It is pos-''^ 
sible that a signal at the cell membrane results in 
sequestration of PSMA at the membrane and if 
ligand for PSMA is not present in the tissue culture 
media, PSMA would remain spread throughout the^ 
cell. In fact, a detailed examination of MAb 7E11-C5.3 W 
staining of prostate tissue showed some ductal epi-K» 
thelial cells to exhibit staining confined to the plasma 
membrane with no cytoplasmic staining [3). This ^--5 i 
staining pattern may reflect the presence or absence ? 
of a possible PSMA ligand which has not been dupB- 
cated in the in vitro studies. 

Although the results of this study do not provide £||Ht 
definitive answer to why "^In-conjugated MAb'^Hf 
7E11-C5 (CYT-356) can image prostate carcinomas in "^jf* 
vivo, it is doubtful CYT-356 is able to cross the plasma 
membrane since 7E11-C5.3 was not able to do so in"^ _ 
vitro in living LNCaP cells. Due to the propensity of - A 
prostate cells to enter apoptosis [23], the most prob-''^^^ 
able answer is that a significant number of cells 
within a tumor may be lysed following cell death, 
thereby uncovering the antigenic epitope. The num- 
ber of apoptotic cells within a tumor may be substan- 
tially increased if the patient is on hormone ablation 
therapy since withdrawal of androgen hormones in- 
duces apoptosis [24], which may lead to an increase 
in the number of epitopes available to be recognized 
by CYT-356. Preliminary evidence suggests that hor- % 
mone ablation therapy can upregulate the expression -jr 
of PSMA [25] [Wright et al., unpublished observa- 1 
tions], thereby supporting this possibility. Altema- 
tively, as a tumor grows, a significant portion of the 
tumor volume may become necrotic [26], again allow- - 
ing for access to the intracellular epitope. Both of 
these mechanisms would result in CYT-356 "seeing" 
only a small percentage of the cells within a given 
tumor mass resulting in a significantly low sensitiv- 
ity. As a result, specific second-generation antibodies 
generated against the extracellular domain of PSMA ^ 
may dramatically increase the sensihvity of imaging 
assays by increasing the number of cells which can be 
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y^ognized by the antibody. This increased sensitivity 
^av result in the detection of smaller metastatic fod 
containing a large percentage of intact cells which 
w'ould not be discovered by MAb 7E11-C5. It must be 
stated in any discussion of PSMA second-generation 
antibodies, however, that the MAb 7En-C5.3 may be 
the most selective antibody for prostate tissue. U is 
highly likely that many of the MAbs generated 
against the extracellular domain of PSMA may be 
aoss reactive with other cellular antigens. Therefore, 
it may not be possible to greatly improve the sensi- 
tivity of PSMA imaging over that which is obtained 
using 7E11-C5.3 

In summary, the results of this study strongly sup- 
port the intracellular location of the PSMA epitope 
recognized by MAb 7E11-C5, not or\ly to the cytoplas- 
mic face of the plasma membrane but in association 
with mitochondria. This latter observation may offer 
a clue to the function of the PSMA glycoprotein. Fur- 
ther, since MAb 7E11-C5 cannot enter living LNCaP 
cells to reach its target epitope, it apparently binds to 
PSMA when it is released from cells undergoing 
apoptosis or neaosis. These observations would sug- 
gest that generating MAbs to extracellular epitopes 
may enhance the use of antibody-directed imaging 
and therapy of prostate carcinomas, and possibly for 
development of other potential clinical applications of 
this novel prostate cancer biomarker. 

ACKNOWLEDGMENTS 

This study was supported by a grant from the Cy- 
togen Corporation, Princeton, NJ. The authors are 
indebted to Michael Adam for his skillful technical 
assistance in performing the immunoelectron micros- 
copy experiments, to Drs. William Wasilenko and 
Ken Somers for helpful suggestions, and to Mary 
Richardson for preparing the manuscript. 

REFERENCES 

1. Wingo PA, Tong T, Bolden S: Cancer statistics. CA 45: 
S-30, 1995. 

2. Horoszewicz JS, Kawinski E, Murphy CP: Monoclonal 
antibodies to a new antigenic marker in epithelial pros- 
tate cells and serum of prostatic cancer patients. Anti- 
cancer Res 7:927-936, 1987. 

3. Wright GL jr, Haley C, Beckett ML, Schellhammer PF: 
Expression of prostate specific membrane antigen 
(PSMA) in normal benign, and malignant prostate tis- 
sues. Urol Oncol 1:18-28, 1995. 

4. Kahn D, Williams RD, Seldin DW, Libertino JA, Hirsch- 
horn M, Dreicer R, Weiner G], Bushnell D, Gulfo J: 
Radioimmunoscintigraphy with "^Indium labeled 
CYT-356 for the detection of occult prostate cancer re- 
currence. J Urol 152:1490-1495, 1994. 

5. Babaian RJ, Sayer ], Podoloff DA, Steelhammer LC, 
Bhadkamker VA, Gulfo JV: Radioimmunoscintigraphy 



of pelvic lymph nodes with ^'^indium-labeied mono- 
donal antibody CYT-356. J Urol 152:1952-1955, 1994. 

6. Axelitxi HRR, Gilman SC, CKAleo Q, Petrvlack D, 
Reuter V, Gulfo JV, Saad A. Cordon-Cardo C. Scher 
HRl: Predinicai results and human immunohistochem- 
ical studies with 90Y-CYT-356: A new prostate cancer 
therapeutic agent. J Urol 147:361A (Abstract 596), 1992. 

7. Troyer JK, Feng Q, Beckett NfL, Wright GL Jr: Biochem- 
ical characterization and mapping of the 7E11-C5.3 
epitope of the prostate specific membrane antigen. Urol 
Oncol 1:29-37, 1995. 

8. Shaulsky G, Ben-Ze'ev A, Rotter V: Subcellular distri- 
bution of the p53 protein during the cell cvcle of Balb/c 
3T3 ceUs. Oncogene 5:1707-1711, 1990. 

9. Krajewski S, Tanaka S, Takayama S, Schibler MJ, Fen- 
ton W, Reed JC: Investigation of the subcellular distri- 
bution of the bcI-2 oncoprotein: Residence in the nu- 
clear envelope, endoplasmic reticulum, and outer 
mitochondrial membranes. Cancer Res 53:4701-4714, 
1993. 

10. Akao Y, Otsuki Y, Kataoka S, Ito Y, Tsuiimoto Y: Mul- 
tiple subcellular localization of bcl-2: Detection in nu- 
clear outer membrane, endoplasmic reticulum mem- 
brane, and mitochondrial membranes. Cancer Res 54: 
2468-2471, 1994. 

11. Danscher G, Norgaard ]OR: Light microscopic visual- 
ization of colloidal gold on resin-embedded tissue. J 
Histochem Cytochem 31:1394-1398. 1983. 

12. Simsin ]AV, Fenters R, Chao J: Electron microscopic 
immunostaining of kallikrein in rat submandibular 
glands. J Histochem Cvtochem 31:301-306, 1983. 

13. Song GX. Lin CT, Wu JY, Um KW, Li CY, Yam LT: 
Immunoelectron microscopic demonstration of pros- 
tatic acid phosphatase in human hyperplastic prostate. 
Prostate 7:63-71, 1985. 

14. Lazarus CM, Henrich JP, KeUy WG, Schmitz SA, Cas- 
tora FJ: Purification and characterization of a type I 
DNA topoisomerase from calf thymus mitochondria. 
Biochemistry 26:61%-6203, 1987. 

15. Karisson GB, Piatt FM: Analysis and isolation of human 
transferrin receptor using the OKT-9 monoclonal anti- 
body covalentiv crosslirvked to magnetic beads. Anal 
Biochem 199:219-222, 1991. 

16. Hicke L, Schekman R: Molecular machinery required 
for protein transport from the endoplasmic reticulum to 
the Golgi complex. Bioassays 12:253-258, 1990. 

17. DePotter CR, Quatacker J,'Maertens G, Van Daele S, 
Pauwels C, Verhofstede C, Eechaute W, Roels H: The 
subcellular localization of the neu protein in human 
normal and neoplastic cells. Int J Cancer 44:969-974, 
1989. 

18. Wright GL Jr, Grob M, Huang CL, Troyer jK, Adam BL, 
Cazares L, Schellhammer PF: Comparison of HER2-neu 
in prostate and breast carcinomas. Proc Am Assoc Can- 
cer Res 36:644 (Abstract 3837), 1995. 

19. Wright GL Jr, Grob M, Troyer jK, Adam BL, Cazares L, 
Schellhammer PF: HER2-neu expression in prostate 
carcinomas is not the same as that tound in breast car- 
cinomas. J Urol 153:271A (Abstract 170), 1995. 

20. Liao X, Butow RA; RTGl and RTG2: Two yeast genes 
required for a novel path of communication from mito- 
chondria to the nucleus. Cell 72:61-71, 1993. 

21. Vandewoude MF, Buyssens N: Effect of aging and mal- 
nutrition on rat myocardium. I. The mvocvte. Virchows 
Arch [Al 421:179-188, 1992. 



per 



WORI.D IN TELLECTUAL PROPERTY ORGANIZATION 
international Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioual Patent Classification 5 : 
C12N 15/00, 15/31, A61K 39/106 
A61K 39/108, C12P 21/02 
C12N1/21 // (C12N 1/21 
C12R1:19) 



Al 



(11) International Publication Number: 
(43) Internatioaal Publication Date: 



WO 93/13202 



8 July 1993(08.07.93) 



(21) International Application Number: PCT/EP92/03016 

(22) International Filing Date: 30 December 1992 (30-12.92) 



(30) Priority data: 
M191A03513 



31 December 1991 (31.12.91) IT 



(71) Applicant (for all designated States except US): BIOCINE 

SCLAVO SPA [IT/ITI; Via Fiorentina, 1, 1-53100 Siena 
(IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only) : DOMENIGHINl, Mar- 
io [IT/ITI; Via Ungaretti, 17, 1-53010 Quercegrossa (IT). 
RAPPUOLI, Rino [IT/IT|; Via Calamandrei, 39, I- 
53010 Quercegrossa (IT). PIZZA, Mariagrazia [IT/IT|; 
Via Colombini, 30, 1-43100 Siena (11). HOL. Wim [NL/ 
US]; 18332 57th Avenue, N.E., Seattle, WA 98155 (US). 



(74) Agent: HALLYBONE, Huw, George; Carpraaels & Rans- 
ford, 43 Bloomsbury Square, London WCIA 2RA (GB). 

(81) Designated States: AT, AU, BB, BG, BR, OA, CH, CS, 
DE, DK, ES, FI, GB, HU, JF, KP, KR, LK, LU, MG, 
MN, MW, NL, NO, NZ, PL, PT, RO, RU, SD, SE, US, 
European patent (AT, BE, CH, DE, DK, ES, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE), OAPl patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, ML, MR, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Htle: IMMUNOGENIC DETOXIFIED MUTANTS OF CHOLERA TOXIN AND OF THE TOXIN LT, THEIR PRE- 
PARATION AND THEIR USE FOR THE PREPARATION OF VACCINES 



(57) Abstract 

An immunogenic detoxified protein 
comprising the amino acid sequence of subunit 
A of cholera toxin (CT-A) or subunit A of an 
Escherichia coli heat labile toxin (LT-A) or a 
fragment thereof wherein one or more amino 
acids at, or in positions corresponding to Val- 
53. Ser-63, VaI-97, Tyr-104 or Pro-106 are re- 
placed with another amino acid or deleted. Ex- 
amples of specific replacements include Val- 
53-Asp, Val-53-Glu, Val-53-Tyr. Ser-63-Lys. 
Val-97-Lys, Val-97-Tyr, Tyr-104-Lys, Tyr- 
104-Asp, Tyr-104-Ser, Pro-106-Ser. The immu- 
nogenic detoxified protein is useful as vaccine 
for Vibrio cholerae or an enterotoxigenic strain 
of Escherichia coli and is produced by recom- 
binant DNA means by site-directed mutagene- 
sis. 
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1 

ImTnunooenic detoxified mutants of cholera toxin and of the 
toxin LT, their preparation and their use for the 
preparation of vaccines 

5 Field of the Invention 

The present invention relates to immunogenic detoxified 
proteins of cholera toxins (CT) , or of heat labile toxins 
(LT) produced by the enterotoxigenic strains of Escherichia 

10 coii (E.coll) having substitutions at one or more of amino 
acids Val-53, Ser-63, Val-97, Tyr-104 or Pro-106 and to 
their use in vaccines which are useful for the prevention or 
treatment of cholera or enterotoxigenic E.Coli infections. 
The proteins can be suitably produced using recombinant DNA 

15 techniques by site-directed mutagenesis of DNA encoding the 
wild type toxins. 

Background to the Invention 

20 Cholera is a contagious disease widely distributed in the 
world, in particular in the Third World, where, in certain 
areas, it is endemic. The serious disorders which develop in 
the intestinal system prove fatal in a high percentage of 
the recorded cases of the disease. 

25 

The etiological agent of cholera is the Gram-negative 
microorganism Vibrio choleras (V .choleras) . This colonises 
the intestinal tract of individuals who have come into 
contact with it through ingestion of contaminated food or 

30 water, and multiplies to very high concentrations. The 
principal symptom is severe diarrhoea as a result of which 
the patient can lose as much as 10-15 litres of liquids per 
day via the faeces. As a result of the severe dehydration 
and loss of electrolytes, the patient does not withstand the 

35 infection in 50-60% of cases, and dies. The diarrhoea caused 
by V. choleras is due to the secretion of cholera toxin, CT, 
which acts by stimulating the activity of the adenylate 
cyclase enzyme so as to induce disturbances at cell level. 
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Although cholera can be effectively cured by controlled and 
intense rehydration, the distribution of a vaccine is 
desirable with a view to complete control and future 
eradication of the disease. 

5 

At the present time, there exists a vaccination against 
cholera, consisting of parenteral administration of killed 
bacteria. Although some countries insist on vaccination 
against the disease, there are serious doubts as to its real 
10 usefulness, given that the current cellular vaccine protects 
against the consequences of the infection in only 50% of the 
cases and that the protection is also extremely limited in 
duration, to less than 6 months - 

15 In Bangladesh, an experimental trial is in progress (1990- 
92) of an oral vaccine consisting of killed bacteria with 
the addition of subunit B of cholera toxin, which is known 
to be highly immunogenic. This product succeeds in inducing 
lasting protection, without special side effects (Holmgren 

20 J., Clemens J., Sack DA,, Sanchez J. and Svennerholm AM; 
"Oral Immunization against cholera" Curr. Top. Microbiol. 
Immunol. (1988), 146, 197-204). 

Cholera toxin resembles the heat labile toxins of 
25 enterotoxigenic strains of Escherichia coli in amino acid 
sequence, structure and mode of action. 

The consequences of infection with an enterotoxigenic strain 
of E.coli are similar to, though less serious than, those of 
30 cholera, and consist of severe diarrhoea and intestinal 
disorders . 

The CT and LT toxins all comprise a single A subunit (or 
protomer A) responsible for the enzymic activjLty of the 
35 toxin (herein CT-A or LT-A) and five identical B subunits 
(or protomer B) which are involved in the binding of the 
toxin to the intestinal epithelial cells (herein CT-B or LT- 
B). 
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The A subunit penetrates the cell membrane and causes 
activation of adenylate cyclase by NAD-dependent ADP- 
ribosylation of a GTP-binding protein which controls the 
5 activity of the enzyme. The clinical effect of this is to 
cause massive fluid loss into the intestine. 

Considerable research has been conducted on cholera toxin 
and the E. coli heat labile toxins. 

10 

The sequence of CT is known and has been described 
(Mekalanos J.J. et al Nature 306 , page 551 (1983)). 

The sequence of LT from enterotoxigenic strains of E.coli 
15 is, as mentioned, 80% homologous to CT and it too is known 
and described in the scientific literature, Spicer E.K. et 
al (Biol, Chem, 257 p. 5716-5721 (1982)) describe the amino 
acid sequence of the A sub unit of the heat labile toxin 
from an enterotoxigenic strain of E. coli found in pigs. 

20 

A bacterial chromosomal form of LT has been identified and 
sequenced by Pickett C.L. et al (J, Bacteriol. 169 > 5180- 
5187, (1987). 

25 The sequence of the A subunit of LT from a strain of E. coli 
known to affect humans has also been sequenced (Yamamoto et 
al, J. Biol- Chem., 259, 5037-5044, (1984)). 

In view of the potential clinical significance of a vaccine 
30 against cholera and enterotoxigenic bacteria there is a 
continuing and great interest in producing a detoxified 
toxin capable of immunising against cholera and 
enterotoxigenic bacteria. The techniques of genetic 
engineering allow specific mutations to be introduced into 
35 the genes encoding the toxins and the production of the 
mutated toxins using now conventional techniques of gene 
expression and protein purification. 
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Various groups have attempted to identify mutations of the 
genes, which involve loss of the toxicity characteristics of 
the encoded proteins. The studies are predominantly being 
carried out in respect of the gene for the toxin LT, from E. 
5 coli • . 

Harford, S. et al (Eur. J. Biochem. 183, page 311 (1989)) 
describe the production of a toxoid by in vitro mutagenesis 
of the LT-A gene from E.coli pathogenic for pigs. The 

10 resulting successful mutation contained a Ser-61-Phe 
substitution and a Gly-79-Lys substitution, the former being 
considered the more important. Harford et al suggest that, 
because of the similarities between the LT-A genes in E.coli 
pathogenic to hiimans and pigs and the CT-A gene, and because 

15 the toxins are thought to operate by a common mechanism, it 
may be possible to produce a cholera holotoxoid by 
introducing the Ser-61-Phe mutation into the CT-A gene. 

Tsuji, T. et al (J. Biol. Chem. 265, p. 22520 (1990)) 
20 describe the mutation of the LT-A gene from plasmid EWD299 
to produce a single substitution G1u-112-Lys which affects 
the toxicity of the mutant LT yet does not change the 
immunogenicity of the protein. 

25 Grant, C.C.R. et al (Abstract B289 of the 92nd General 
Meeting of the American Society for Microbiology, 2 6-3 0th 
May 1992) describe conservative substitutions of histidines 
at 44 and 70 and tryptophan at 127 in LT-A which result in 
significant reductions in enzymic activity. 

30 

Some worlc has been conducted on mutations to CT. 

Kaslow, H.R. et al (Abstract B291 of the 92nd General 
Meeting of the American Society for Microbiology, 2 6-3 0th 
35 May 1992) describe mutating Asp-9 and His-44 and truncating 
after amino acid 180 in CT-A which all essentially eliminate 
activity. Mutating Arg-9 is said to markedly attenuate 
activity. Mutating other amino acid sites had little effect 
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on toxicity. 

Burnette, W.N. et al (Inf. and Iminun. 59 f 11) , 4266-4270, 
(1991)) describe site-specific mutagenesis of CT-A to 
5 produce an Arg-7-Lys mutation paralleling that of a known 
detoxifying mutation in the A subunit of the Bordetella 
pertussis toxin. The mutation resulted in the complete 
abolition of detectable ADP-ribosyltransf erase activity. 

10 International patent application WO 92/19265 (Burnette, 
Kaslow and Amgen Inc.) describes mutations of CT-A at Arg- 
7, Asp-9, Arg-11, His-44, His-70 and Glu-112. 

Mutations at Glu-110 (LT and CT) and Arg-146 (LT) have also 
15 been described in the literature (Lobet, Inf. Immun., 2870, 
1991; Lai, Biochem. Biophys. Res. Comm. 341 1983; Okamoto J. 
Bacteriol. 2208, 1988). 

The crystal structure of LT has been determined by Sixma et 
20 al (Nature, 351 , 371-377, May 1991) and confirms the 
mutatagenesis results described earlier in the literature, 
explaining structurally the significance of Glu-112 and Ser- 
61 in activity of the A sub unit and suggesting that His- 
44, Ser-114 and Arg-54 which are in the immediate 
25 neighbourhood may be important for catalysis or recognition. 

Summary of the invention 

It has now been discovered by further and more detailed 
3 0 analysis of the structure of the toxins that certain further 
amino acids in the sequences of CT-A and LT-A are in 
positions capable of decreasing the enzymatic activity of 
CT and LT when mutated suitably, individually or in 
conjunction with other mutations. 

35 

The object of the present invention is to provide a vaccine 
which gives total protection against cholera or 
enterotoxigenic E. coli, by means of a second generation 
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product consisting of a single antigen, a toxoid derived 
from CT or LT, which has been detoxified genetically. 

The genetic detoxification of CT or LT retains the 
5 immunogenic properties of the toxoid whilst providing a 
significantly reduced and preferably absent toxicity. 

According to a first aspect of the invention there is 
provided an immunogenic detoxified protein comprising the 

10 amino acid sequence of subunit A of a cholera toxin (CT-A) 
or a fragment thereof or subunit A of an Escherichia coli 
heat labile toxin (LT-A) or a fragment thereof, wherein one 
or more amino acids at, or in positions corresponding to 
Val-53, Ser-63, Val-97, Tyr-104 or Pro-106 are replaced with 

15 another amino acid. 

The replaced amino acids are at locations in the sequences 
of CT-A or an LT-A which are conserved both in the amino 
acid sequence and structurally and are thus common to CT 
20 and the various LTs. 

The immunogenic detoxified protein of the invention adopts 
substantially the same structural conformation as the wild 
type naturally occuring toxins. It is immunologically 
25 active and cross reacts with antibodies to the wild type 
toxins . 

In this specification, references to CT and LT encompass the 
various naturally occurring strain variants as well other 
30 variants encompassing changes from the sequences disclosed 
herein which do not affect the iramunogenicity of the 
assembled toxoid. 

In this specification, references to amino acid coordinates 
35 such as "Val-97" connote the amino acid at that position in 
the sequence of the mature cholera toxin subunit A (CT-A) , 
that is without the signal sequence (see Figure 1) . 
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Where the specification refers to an LT-A, the amino acid 
coordinates refer to the corresponding position in CT-A as 
shown in Figure 1* 

5 Thus, for example, Val-53 in CT corresponds to Val-52 in the 
LTl subunit and Ser-63 in CT corresponds to Ser-62 in LTl, 
there being a single amino acid difference in numbering up 
to amino acid 89 of the LTl sequence, Val-97 in the CT 
sequence corresponds to Val-93 in the LTl sequence because 
10 of the four amino acid difference at that point in the 
sequence. 

In addition, the immunogenic detoxified protein of the 
invention may include other mutations such as, for example, 
15 substitutions at one or more of Arg-7, Asp-9, Arg-11, His- 
44, Arg-54, Ser-61, His-70, His-107, Glu-110, Glu-112, Ser- 
114, Trp-127, Arg-14 6 or Arg-192. 

The amino acid substituted for the wild type amino acid may 
20 be a naturally occurring amino acid or may a modified or 
synthetic amino acid. The substitution may involve deletion 
of an amino acid altogether provided that the mutant retains 
the necessary immunogenic properties and exhibits a 
substantially reduced toxicity, 

25 

Substitutions which alter the amphotericity and 
hydrophilicity whilst retaining the steric effect of the 
substituting amino acid as far as possible are generally 
preferred . 

30 

Preferred substitutions include: Val-53-Asp, Val-53 -Glu, 
Val-53-Tyr, Ser-63-Lys, Val-97-Lys, Val-97-Tyr, His-107-Glu, 
Tyr-104-Lys, Tyr-104-Asp, Tyr-104-Ser, Pro-106-Ser, Ser-114-. 
Glu, Ser-114-Lys. 

35 

As used herein, the term "detoxified" means that the 
immunogenic composition exhibits a substantially lower 
toxicity relative to its naturally occurring toxin 
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counterpart. The substantially lower toxicity should be 
sufficiently low for the protein to be used in an 
immunogenic composition in an immunologically effective 
amount as a vaccine with causing significant side effects, 
5 For example; the immunogenic detoxified protein should have 
a toxicity of less than 0.01% of the naturally occurring 
toxin counterpart. The toxicity may be measured in mouse 
CHO cells or preferably by evaluation of the morphological 
changes induced in Yl cells. The term "toxoid" means a 
10 genetically detoxified toxin. 

The immunogenic protein may be a CT or LT subunit A toxoid, 
but is preferably an assembled toxin molecule comprising a 
mutated CT-A or LT-A subunit and five B subunits of CT or 
15 LT. The B subunit may be a naturally occurring subunit or 
*may itself be mutated - 

The immunogenic protein is preferably a naturally occurring 
CT-A or an LT-A suitably modified as described above. 

20 However, conservative amino acid changes may be made which 
do not affect the immunogenicity or the toxicity of 
immunogenic protein and preferably do not affect the ability 
of the immunogenic protein to form complete toxin with B 
subunit protein. Also, the immunogenic protein may be a 

25 fragment of CT-A or an LT-A provided that the fragment is 
immunogenic and non toxic and contains at least one of the 
conserved regions containing one of the mutations according 
to the invention. 

30 According to a second aspect of the invention, there is 
provided an immunogenic composition for use as a vaccine 
comprising an immunogenic detoxified protein of the first 
aspect of the invention and a pharmaceutically acceptable 
carrier. 

35 

The immunogenic composition may additionally contain one or 
more adjuvants and/or pharmaceutically acceptable diluents. 
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The invention also provides a vaccine composition comprising 
an immunogenic detoxified protein according to the first 
aspect of the invention and a pharmaceutically acceptable 
carrier. The vaccine composition may further comprise an 
5 adjuvant. 

According to a third aspect of the invention, there is 
provided a method of vaccinating a mammal against Vibrio 
cholerae or an enterotoxigenic strain of Escherichia coli 
10 comprising administering an immunologically effective amount 
of an immunogenic detoxified protein according to the first 
aspect of the invention. 

The immunogenic detoxified proteins of the invention may be 
15 synthesised chemically using conventional peptide synthesis 
techniques, but are preferably produced by recombinant DNA 
means . 

According to a fourth aspect of the invention there is 
20 provided a DNA sequence encoding an immunogenic detoxified 
protein according to the first aspect of the invention. 

Preferably the DNA sequence contains a DNA sequence encoding 
a complete CT or LT comprising DNA encoding both the 
25 detoxified subunit A and subunit B in a polycistronic unit. 
Alternatively, the DNA may encode only the detoxified 
subunit A- 

According to a fifth aspect of the invention, there is 
provided a vector carrying a DNA according to the fourth 
aspect of the invention. 

According to a sixth aspect of the invention, there is 
provided a host cell line transformed with , the vector 
according to the fifth aspect of the invention • 

The host cell may be any host capable of producing CT or LT 
but is preferably a bacterium, most suitably E,coli or 



30 



•J 

35 
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V.cholGrae suitable engineered to produce the desired 
iirmunogenic detoxified protein. 

In a further embodiment of the sixth aspect of the 
5 invention, the host cell may itself provide a protective 
species, for example an E.coli or V.cholerae strain mutated 
to a phenotype lacking wild type LT or CT and carrying and 
expressing an immunogenic detoxified protein of the first 
aspect of the invention. 

10 

In a further embodiment of the sixth aspect of the invention 
the host cell is capable of expressing a chromosomal LT-A 
gene according to the first aspect of the invention* 

15 According to a seventh aspect of the invention, there is 
provided a process for the production of an immunogenic 
detoxified protein according to the first aspect of the 
invention comprising culturing a host cell according to the 
sixth aspect of the invention. 

20 

According to a eighth aspect of the invention there is 
provided a process for the production of DNA according to 
the fourth aspect of the invention comprising the steps of 
subjecting a DNA encoding a CT-A or an LT-A or a fragment 
25 thereof to site-directed mutagenesis. 

According to a ninth aspect of the invention there is 
provided a process for the formulation of a vaccine 
comprising bringing an immunogenic detoxified protein 
30 according to the first aspect of the invention into 
association with a pharmaceutically acceptable carrier and 
optionally with an adjuvant. 

Industrial Applicability 

35 

The immunogenic detoxified protein of the invention 
constitutes the active component of a vaccine composition 
useful for the prevention and treatment of cholera 
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infections or infections by enterotoxigenic strains of 
E.coli, The compositions are thus applicable for use in the 
pharmaceutical industry . 

5 Brief Description of the Drawings 

Figure 1 shows the amino acid sequences of the wild type 
subunit A from: 

i) cholera toxin (CT - Mekalanos et al op cit) , 

ii) heat labile toxin from an E.coli strain found in man 
(LT1_1 - Yamamoto et al op cit) 

iii) heat labile toxin from an E.coli strain found in pigs 
(LTl- Spicer et al op cit) , and 

iv) heat labile toxin from a chromosomal source (LT1_1 - 
Pickett et al op cit) 

The signal sequences are not shown. 

In Figure 1, the conventional single letter amino acid code 
is used. The symbol denotes an absent amino acid and 

acts as a typographical spacer to ensure that the sequences 
remain in alignment for ease of comparison. The symbol 
" indicates an amino acid in the sequences of LTl and LT2 
which is identical to the corresponding amino acid in CT. 
The nximbers against each line are the amino acid number of 
the first amino acid on that line. 

In Figure l the positions of the mutations of the present 
30 invention are shown underlined. 

Figures 2a and 2b are comparisons of the amino acid and DNA 
sequences of the A sub units of LTl and CT. 

35 Figure 3 is a restriction map of plasmid EWD299 (Dallas et 
al), bearing the LT-A gene. 
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The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of molecular 
biology, microbiology, recombinant DNA, and immunology, 
5 which are within the skill of the art- Such techniques are 
explained fully in the literature. See e.g., Sambrook, et 
al., MOLECULAR CLONING; A LABORATORY MANUAL, SECOND EDITION 
(1989); DNA CLONING, VOLUMES I AND II (D-N Glover ed. 

1985) ; OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); 
10 NUCLEIC ACID HYBRIDIZATION (B.D. Hames & S.J. Higgins eds. 

1984); TRANSCRIPTION AND TRANSLATION (B.D. Hames & S.J. 
Higgins eds. 1984); ANIMAL CELL CULTURE (R.I. Freshney ed. 

1986) ; IMMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B. 
Perbal, A PRACTICAL GUIDE TO MOLECULAR CLONING (1984); the 

15 series^ METHODS IN ENZYMOLOGY (Academic Press, Inc.); GENE 
TRANSFER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and M.P. 
Calos eds. 1987, Cold Spring Harbor Laboratory), Methods in 
Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, 
eds., respectively), Mayer and Walker, eds. (1987), 

20 IMMUNOCHEMICAL METHODS IN CELL AND MOLECULAR BIOLOGY 
(Academic Press, London), Scopes, (1987), PROTEIN 
PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition 
(Springer-Verlag, N.Y.), and HANDBOOK OF EXPERIMENTAL IM- 
MUNOLOGY, VOLUMES I-IV (D.M. Weir and C. C. Blackwell eds 

25 1986) . 

Standard abbreviations for nucleotides and amino acids are 
used in this specification. All publications , patents, and 
patent applications cited herein are incorporated by 
30 reference. 

In particular, the following amino acid abbreviations are 



used: 



35 Alanine 



A 



Ala 



Arginine 
Asparagine 
Aspartic Acid 



R 



N 



D 



Asp 



Arg 



Asn 
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Cysteine 


c 


Cys 




Glycine 


G 


Gly 




Glutamic Acid 


E 


Glu 




Glutamine 


Q 


Gin 


5 


Histidine 


H 


His 




Isoleucine 


I 


lie 




Leucine 


L 


Leu 




Lysine 


K 


Lys 




Methionine 


M 


Met 


10 


Phenylalanine 


F 


Phe 




Proline 


P 


Pro 




Serine 


S 


Ser 




Threonine 


T 


Thr 




Tryptophan 


W 


Trp 


15 


Tyrosine 


Y 


Tyr 




Valine 


V 


Val 



As mentioned above examples of the immunogenic detoxified 
protein that can be used in the present invention include 
20 polypeptides with minor amino acid variations from the 
natural amino acid sequence of the protein other than at the 
sites of mutation specifically mentioned. 

A significant advantage of producing the immunogenic 
25 detoxified protein by recombinant DNA techniques rather than 
by isolating and purifying a protein from natural sources is 
that equivalent quantities of the protein can be produced by 
using less starting material than would be required for 
isolating the protein from a natural source. Producing the 
30 protein by recombinant techniques also permits the protein 
to be isolated in the absence of some molecules normally 
present in cells. Indeed, protein compositions entirely 
free of any trace of human protein contaminants can readily 
be produced because the only human protein produced by the 
35 recombinant non-human host is the recombinant protein at 
issue. Potential viral agents from natural sources and 
viral components pathogenic to humans are also avoided. 
Also, genetically detoxified toxin are less likely to revert 
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to a toxic from than more traditional, chemically detoxified 
toxins . 

Pharmaceutically acceptable carriers include any carrier 
5 that does not itself induce the production of antibodies 
harmful to the individual receiving the composition, 
suitable carriers are typically large, slowly metabolized 
macromolecules such as proteins, polysaccharides, polylactic 
acids, polyglycolic acids, polymeric amino acids, amino acid 
10 copolymers, lipid aggregates (such as oil droplets or 
liposomes) and inactive virus particles* Such carriers are 
well known to those of ordinary skill in the art. 
Additionally, these carriers may function as 
immunostimulating agents (adjuvants) . 

15 

Preferred adjuvants to enhance effectiveness of the compo- 
sition include, but are not limited to: aluminum salts 
(alum) such as aluminium hydroxide, aluminium phosphate, 
aluminixim sulfate etc., oil emulsion formulations, with or 

20 without other specific immunostimulating agents such as 
muramyl peptides or bacterial cell wall components, such as 
for example (1) MF59 (Published International patent 
application WO-A-90/14837, containing 5% Squalene, 0.5% 
Tween® 80, 0.5% Span® 85 (optionally containing various 

25 amounts of MTP-PE (see below) , although not required) 
formulated into submicron particles using a microf luidizer 
such as Model llOY microf luidizer (Microf luidics, Newton, MA 
02164), (2) SAF, containing 10% squalene, 0-4% Tween 80, 5% 
pluronic-blocked polymer L121, and thr-MDP (see below) 

30 either microf luidized into a submicron emulsion or vortexed 
to generate a larger particle size emulsion, and (3) RIBI*" 
adjuvant system (RAS) (Ribi Immunochem, Hamilton, MT) 
containing 2% Squalene, 0.2% Tween® 80 and one or more 
bacterial cell wall components from the group C9nsisting of 

35 monophosphoryl lipid A (MPL) , trehalose dimycolate (TDM) , 
and cell wall skeleton (CWS) preferably MPL+CWS (Detox~) , 
muramyl peptides such as N-acetyl-muramyl-L-threonyl-D- 
isoglutamine (thr-MDP) , N-acetyl-normuramyl-L-alanyl-D-iso- 
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glutamine (nor-MDP) , N-acety Imuramy 1-L-alany 1-D- 
isoglutaminy l-L-alanine-2- ( 1 ' -2 ' -dipalmitoyl-s/i-glycero-3- 
hydroxyphosphoryloxy)-ethylainine (MTP-PE) etc. , and 
cytokines, such as inter leukins (IL-1, IL-2 etc) macrophage 
5 colony stimulating factor (M-CSF) , tumour necrosis factor 
(TNF) etc. Additionally, saponin adjuvants, such as 
Stimulon™ (Cambridge Bioscience, Worcester, MA) may be used 
or particles generated therefrom such as ISCOMS 
(immunostimulating complexes) . Furthermore, Complete 
10 Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant (IFA) 
may be used. Alum and MF59 are preferred. 

The immunogenic compositions (e.g* the antigen, 
pharmaceutically acceptable carrier and adjuvant) typically 
15 will contain diluents, such as water, saline, glycerol, 
ethanol, etc. Additionally, auxiliary substances, such as 
wetting or emulsifying agents, pH buffering substances, and 
the like, may be present in such vehicles. 

20 Typically, the immunogenic compositions are prepared as 
injectables, either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in, 
liquid vehicles prior to injection may also be prepared • 
The preparation also may be emulsified or encapsulated in 

25 liposomes for enhanced adjuvant effect as discussed above 
under pharmaceutically acceptable carriers. 

Immunogenic compositions used as vaccines comprise an 
immunologically effective amount of the antigenic 

30 polypeptides, as well as any other of the above-mentioned 
components, as needed. By "immunologically effective 
amount" , it is meant that the administration of that amount 
to an individual, either in a single dose or as part of a 
series, is effective for treatment or prevention. This 

35 amount varies depending upon the health and physical 
condition of the individual to be treated, the taxonomic 
group of individual to be treated (e.g., nonhuman primate, 
primate, etc.), the capacity of the individual's immune 
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system to synthesize antibodies, the degree of protection 
desired, the formulation of the vac^cine, the treating 
doctor's assessment of the medical situation, and other rel- 
evant factors. It is expected that the amount will fall in 
5 a relatively broad range that can be determined through 
routine trials. 

The immunogenic compositions are conventionally administered 
parenterally, e.g. by injection either subcutaneous ly or 

10 intramuscularly. Additional formulations suitable for other 
modes of administration include oral and pulmonary 
formulations, suppositories and transdermal applications. 
Dosage treatment may be a single dose schedule or a multiple 
dose schedule. The vaccine may be administered in conjunc- 

15 tion with other immunoregulatory agents. 

The term "recombinant polynucleotide" as used herein intends 
a polynucleotide of genomic, cDNA, semisynthetic, or 
synthetic origin which, by virtue of its origin or 
20 manipulation: CI) is not associated with all or a portion of 
a polynucleotide with which it is associated in nature, (2) 
is linked to a polynucleotide other than that to which it is 
linked in nature, or (3) does not occur in nature. 

25 The term "polynucleotide" as used herein refers to a 
polymeric form of nucleotides of any length, either 
ribonucleotides or deoxyribonucleotides. This term refers 
only to the primary structure of the molecule. Thus, this 
term includes double- and single-stranded DNA and RNA. It 

30 also includes known types of modifications, for example, 
labels which are known in the art, methylation, "caps", 
substitution of one or more of the naturally occurring 
nucleotides with an analog, internucleotide modifications 
such as, for example, those with uncharged linkages (e.g., 

35 methyl phosphonates , phosphotriesters , phosphoamidates , 
carbamates , etc . ) and with charged 1 inkages (e.g., 
phosphorathioates , phosphorodithioates, etc.) , those 
containing pendant moieties, such as, for example proteins 
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(including for e.g,, nucleases, toxins^ antibodies, signal 
peptides, poly-L-lysine, etc.), those with intercalators 
(e.g., acridine, psoralen, etc.)/ those containing chelators 
(e.g., metals, radioactive metals, boron, oxidative metals , 
5 etc.), those containing alkylators, those with modified 
linkages (e.g., alpha anomeric nucleic acids, etc.), as well 
as unmodified forms of the polynucleotide. 

A "replicon" is any genetic element, e.g., a plasmid, a 
10 chromosome, a virus, a cosmid, etc. that behaves as an 
autonomous unit of polynucleotide replication within a cell; 
i.e., capable of replication under its own control. This 
may include selectable markers. 

15 A "vector" is a replicon in which another polynucleotide 
segment is attached, so as to bring about the replication 
and/ or expression of the attached segment. 

"Control sequence" refers to polynucleotide sequences which 
20 are necessary to effect the expression of coding sequences 
to which they are ligated. The nature of such control 
sequences differs depending upon the host organism; in 
prokaryotes, such control sequences generally include 
promoter, ribosomal binding site, and transcription 
25 termination sequence; in eukaryotes, generally, such control 
sequences include promoters and transcription termination 
sequence. The term "control sequences" is intended to 
include, at a minimum, all components whose presence is 
necessary for expression, and may also include additional 
30 components whose presence is advantageous, for example, 
leader sequences and fusion partner sequences. 

"Operably linked" refers to a juxtaposition wherein the 
components so described are in a relationship .permitting 
35 them to function in their intended manner. A control 
sequence "operably linked" to a coding sequence is ligated 
in such a way that expression of the coding sequence is 
achieved under conditions compatible with the control 
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sequences. 

An "open reading frame" (ORF) is a region of a 
polynucleotide sequence which encodes a polypeptide; this 
5 region may represent a portion of a coding sequence or a 
total coding sequence. 

A "coding sequence" is a polynucleotide sequence which is 
translated into a polypeptide, usually via mRNA, when placed 

10 under the control of appropriate regulatory sequences. The 
boundaries of the coding sequence are determined by a 
translation start codon at the 5 ' -terminus and a translation 
stop codon at the 3 ' -terminus . A coding sequence can 
include, but is not limited to, cDNA, and recombinant 

15 polynucleotide sequences. 

"PGR" refers to the technique of polymerase chain reaction 
as described in Saiki, et al.. Nature 324:163 (1986); and 
Scharf et al.. Science (1986) 233:1076-1078; and U.S. 
20 4^683,195; and U.S. 4,683,202. 

As used herein, x is "heterologous" with respect to y if x 
is not naturally associated with y in the identical manner; 
i.e., X is not associated with y in nature or x is not 
25 associated with y in the same manner as is found in nature. 

"Homology" refers to the degree of similarity between x and 
y. The correspondence between the sequence from one form to 
another can be determined by techniques known in the art. 

30 For example, they can be determined by a direct comparison 
of the sequence information of the polynucleotide. 
Alternatively, homology can be determined by hybridization 
of the polynucleotides under conditions which form stable 
duplexes between homologous regions (for example, those 

35 which would be used prior to digestion) , followed by 
digestion with single-stranded specific nuclease (s) , fol- 
lowed by size deteannination of the digested fragments. 
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As used herein, the term "polypeptide" refers to a polymer 
of amino acids and does not refer to a specific length of 
the product; thus, peptides, oligopeptides, and proteins are 
included within the definition of polypeptide. This term 
5 also does not refer to or exclude post expression 
modifications of the polypeptide, for example, 
glycosylations, acetylations, phosphorylations and the like. 
Included within the definition are, for example, 
polypeptides containing one or more analogs of an amino acid 
10 (including, for example, unnatural amino acids, etc.), 
polypeptides with substituted linkages, as well as other 
modifications known in the art, both naturally occurring and 
non-naturally occurring. 

15 A polypeptide or amino acid sequence "derived from" a 
designated nucleic acid sequence refers to a polypeptide 
having an amino acid sequence identical to that of a 
polypeptide encoded in the sequence, or a portion thereof 
wherein the portion consists of at least 3-5 amino acids, 

20 and more preferably at least 8-10 amino acids, and even more 
preferably at least 11-15 amino acids, or which is im- 
munologically identifiable with a polypeptide encoded in the 
sequence. This terminology also includes a polypeptide 
expressed from a designated nucleic acid sequence. 

25 

The protein may be used for producing antibodies, either 
monoclonal or polyclonal, specific to the protein. The 
methods for producing these antibodies are known in the art. 

30 "Recombinant host cells", "host cells," "cells," "cell 
cultures," and other such terms denote, for example, 
microorganisms, insect cells, and mammalian cells, that can 
be, or have been, used as recipients for recombinant vector 
or other transfer DNA, and include the prog'eny of the 

35 original cell which has been transformed. It is understood 
that the progeny of a single parental cell may not 
necessarily be completely identical in morphology or in 
genomic or total DNA complement as the original parent, due 
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to natural, accidental, or deliberate mutation. Examples 
for mammalian host cells include Chinese hamster ovary (CHO) 
and monkey kidney (COS) cells- 

5 Specifically, as used herein, "cell line," refers to a 
population of cells capable of continuous or prolonged 
growth and division in vitro . Often, cell lines are clonal 
populations derived from a single progenitor cell. It is 
further known in the art that spontaneous or induced changes 

10 can occur in karyotype during storage or transfer of such 
clonal populations. Therefore, cells derived from the cell 
line referred to may not be precisely identical to the 
ancestral cells or cultures, and the cell line referred to 
includes such variants. The term "cell lines" also includes 

15 immortalized cells. Preferably, cell lines include 
nonhybrid cell lines or hybridomas to only two cell types. 

As used herein, the term "microorganism" includes 
prokaryotic and eukaryotic microbial species such as 
20 bacteria and fungi, the latter including yeast and 
filamentous fungi. 

"Transformation", as used herein, refers to the insertion of 
an exogenous polynucleotide into a host cell, irrespective 
25 of the method used for the insertion, for example, direct 
uptake, transduction, f -mating or electroporation. The 
exogenous polynucleotide may be maintained as a 
non-integrated vector, for example, a plasmid, or 
alternatively,, may be integrated into the host genome. 

30 

By "genomic" is meant a collection or library of DNA 
molecules which are derived from restriction fragments that 
have been cloned in vectors. This may include all or part 
of the genetic material of an organism - 

35 

By "cDNA" is meant a complementary DNA sequence that 
hybridizes to a complementary strand of DNA, 
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By "purified" and "isolated" is meant, when referring to a 
polypeptide or nucleotide sequence, that the indicated 
molecule is present in the substantial absence of other 
biological macromolecules of the same type. The term 
5 "purified" as used herein preferably means at least 75% by 
weight, more preferably at least 85% by weight, more 
preferably still at least 95% by weight, and most preferably 
at least 98% by weight, of biological macromolecules of the 
same type present (but water, buffers, and other small 
10 molecules, especially molecules having a molecular weight of 
less than 1000, can be present). 

Once the appropriate coding sequence is isolated, it can be 
expressed in a variety of different expression systems; for 
15 example those used with mammalian cells, baculoviruses, 
bacteria, and yeast, 

i. Mammalian Systems 

20 Mammalian expression systems are known in the art. A 
mammalian promoter is any DNA sequence capable of binding 
mammalian RNA polymerase and initiating the downstream (3*) 
transcription of a coding sequence (e.g. structural gene) 
into mRNA. A promoter will have a transcription initiating 

25 region, which is usually placed proximal to the 5' end of 
the coding sequence, and a TATA box, usually located 25-30 
base pairs (bp) upstream of the transcription initiation 
site. The TATA box is thought to direct RNA polymerase II 
to begin RNA synthesis at the correct site. A mammalian 

3 0 promoter will also contain an upstream promoter element, 
usually located within 100 to 200 bp upstream of the TATA 
box. An upstream promoter element determines the rate at 
which transcription is initiated and can act in either 
orientation [Sambrook et al. (1989) "Expression of Cloned 

35 Genes in Mammalian Cells." In Molecular Cloning: A 
Laboratory Manual, 2nd ed.1 . 

Mammalian viral genes are often highly expressed and have a 
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broad host range; therefore sequences encoding maminalian 
viral genes provide particularly useful promoter sequences. 
Examples include the SV40 early promoter, mouse mammary 
tumor virus LTR promoter, adenovirus major late promoter (Ad 
5 MLP) , and herpes simplex virus promoter. In addition, 
sequences derived from non-viral genes, such as the murine 
metallotheionein gene, also provide useful promoter 
sequences. Expression may be either constitutive or 
regulated (inducible) , depending on the promoter can be 
10 induced with glucocorticoid in hormone-responsive cells- 

The presence of an enhancer element (enhancer) , combined 
with the promoter elements described above, will usually 
increase expression levels. An enhancer is a regulatory DNA 

15 sequence that can stimulate transcription up to 1000-fold 
when linked to homologous or heterologous promoters, with 
synthesis beginning at the normal RNA start site. Enhancers 
are also active when they are placed upstream or downstream 
from the transcription initiation site, in either normal or 

20 flipped orientation, or at a distance of more than 1000 
nucleotides from the promoter [Maniatis et al. (1987) 
Science 236: 1237; Alberts et al. (1989) Molecular Biolocry of 
the Cell , 2nd ed.]. Enhancer elements derived from viruses 
may be particularly useful, because they usually have a 

25 broader host range • Examples include the SV40 early gene 

enhancer [Dijkema et al (1985) EMBO J. 4:761] and the 

enhancer/promoters derived from the long terminal repeat 
(LTR) of the Rous Sarcoma Virus [Gorman et al. (19B2b) Proc. 
Natl. Acad. Sci. 79 :67771 and from human cytomegalovirus 

30 [Boshart et al, (1985) Cell 41 :5211. Additionally, some 
enhancers are regulatable and become active only in the 
presence of an inducer, such as a hormone or metal ion 

[Sassone-Corsi and Borelli (1986) Trends Genet- 2:215; 

Maniatis et al. (1987) Science 236:1237]. 



35 



A DNA molecule may be expressed intracellular ly in mammalian 
cells. A promoter sequence may be directly linked with the 
DNA molecule, in which case the first amino acid at the N- 
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terminus of the recombinant protein will always be a 
methionine, which is encoded by the ATG start codon. If 
desired, the N-terminus may be cleaved from the protein by 
in vitro incubation with cyanogen bromide. 

5 

Alternatively, foreign proteins can also be secreted from 
the cell into the growth media by creating chimeric DNA 
molecules that encode a fusion protein comprised of a leader 
sequence fragment that provides for secretion of the foreign 

10 protein in mammalian cells. Preferably, there are 
processing sites encoded between the leader fragment and the 
foreign gene that can be cleaved either in vivo or in vitro . 
The leader sequence fragment usually encodes a signal 
peptide comprised of hydrophobic amino acids which direct 

15 the secretion of the protein from the cell. The adenovirus 
triparite leader is an example of a leader sequence that 
provides for secretion of a foreign protein in mammalian 
cells. 

20 Usually, transcription termination and polyadenylation 
sequences recognized by mammalian cells are regulatory 
regions located 3* to the translation stop codon and thus, 
together with the promoter elements, flank the coding 
sequence. The 3' terminus of the mature mRNA is formed by 

25 site-specific post-transcriptional cleavage and polya- 
denylation [Birnstiel et al, (1985) Cell 41 :349; Proudfoot 
and Whitelaw (1988) "Termination and 3* end processing of 
eukaryotic RNA. In Transcription and splicing (ed. B.D. 
Hames and D.M. Glover) ; Proudfoot (1989) Trends Biochem. 

30 Sci. 14 ilOSI . These sequences direct the transcription of 
an mRNA which can be translated into the polypeptide encoded 
by the DNA. Examples of transcription 

terminater /polyadenylation signals include those derived 
from SV40 [Sambrook et al (1989) "Expression of cloned genes 

35 in cultured mammalian cells." In Molecular Cloning: A 
Laboratory Manual ] . 

Some genes may be expressed more efficiently when introns 
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(also called intervening sequences) are present. Several 
cDNAs, however, have been efficiently expressed from vectors 
that lack splicing signals (also called splice donor and 
acceptor sites) [see e.g., Gothing and Sambrook (1981) 
5 Nature 293 :6201, Introns are intervening noncoding 
sequences within a coding sequence that contain splice donor 
and acceptor sites. They are removed by a process called 
"splicing," following polyadenylation of the primary 
transcript [Nevins (1983) Annu. Rev . Biochem. 52:441; Green 
10 (1986) Annu. Rev. Genet. 20 :671; Padgett et al. (1986) Annu. 
Rev. Biochem. 55 : 1119 ; Krainer and Maniatis (1988) "RNA 
splicing." In Transcription and splicincr (ed. B.D. Hames 
and D.M. Glover) ] . 

15 Usually, the above described components, comprising a 
promoter, polyadenylation signal, and transcription 
termination sequence are put together into expression 
constructs. Enhancers, introns with functional splice donor 
and acceptor sites, and leader sequences may also be 

20 included in an expression construct, if desired. Expression 
constructs are often maintained in a replicon, such as an 
extrachromosomal element (e.g., plasmids) capable of stable 
maintenance in a host, such as mammalian cells or bacteria - 
Mammalian replication systems include those derived from 

25 animal viruses, which require trans-acting factors to 
replicate. For example, plasmids containing the replication 
systems of papovaviruses , such as SV40 [Gluzman (1981) Cell 
23.: 175] or polyomavirus, replicate to extremely high copy 
number in the presence of the appropriate viral T antigen. 

30 Additional examples of mammalian replicons include those 
derived from bovine papillomavirus and Epstein-Barr virus. 
Additionally, the replicon may have two replication systems, 
thus allowing it to be maintained, for example, in mammalian 
cells for expression and in a procaryotic host for cloning 

35 and amplification. Examples of such mammalian-bacteria 
shuttle vectors include pMT2 [Kaufman et al. (1989) Mol. 
Cell. Biol. 9 :946 and pHEBO [Shimizu et al. (1986) Mol... 
Cell. Biol. 6 :10741 . 
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The transformation procedure used depends upon the host to 
be transformed. Methods for introduction of heterologous 
polynucleotides into mammalian cells are known in the art 
5 and include dextran-mediated transf ection, calcium phosphate 
precipitation, polybrene mediated transf ection, protoplast 
fusion, electr operation, encapsulation of the 
polynucleotide (s) in liposomes, and direct microinjection of 
the DNA into nuclei. 

10 

Mammalian cell lines available as hosts for expression are 
known in the art and include many immortalized cell lines 
available from the American Type Culture Collection (ATCC) , 
including but not limited to, Chinese hamster ovary (CHO) 
15 cells, HeLa cells, baby hamster kidney (BHK) cells, monkey 
kidney cells (COS) , human hepatocellular carcinoma cells 
(e.g., Hep G2) , and a number of other cell lines. 

ii. Baculovirus Systems 

20 

The polynucleotide encoding the protein can also be inserted 
into a suitable insect expression vector, and is operably 
linked to the control elements within that vector. Vector 
construction employs techniques which are known in the art. 

25 

Generally, the components of the expression system include 
a transfer vector, usually a bacterial plasmid, which 
contains both a fragment of the baculovirus genome, and a 
convenient restriction site for insertion of the 

30 heterologous gene or genes to be expressed; a wild type 
baculovirus with a sequence homologous to the baculovirus- 
specific fragment in the transfer vector (this allows for 
the homologous recombination of the heterologous gene in to 
the baculovirus genome) ; and appropriate insect host cells 

35 and growth media. 

. After inserting the DNA sequence encoding the protein into 
the transfer vector, the vector and the wild type viral 
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genome are transfected into an insect host cell where the 
vector and viral genome are allowed to recombine. The 
packaged recombinant virus is expressed and recombinant 
plaques are identified and purified. Materials and methods 
5 for baculovirus/ insect cell expression systems are 

commercially available in kit form from, inter alia, 

Invitrogen, San Diego CA ("MaxBac" kit). These techniques 
are generally known to those skilled in the art and fully 
described in Summers and Smith, Texas A gricultural 
10 Experiment Station Bulletin No. 1555 (1987) (hereinafter 
"Summers and Smith"). 

Prior to inserting the DNA sequence encoding the protein 
into the baculovirus genome,, the above described components, 

15 comprising a promoter, leader (if desired) , coding sequence 
of interest, and transcription termination sequence, are 
usually assembled into an intermediate transplacement 
construct (transfer vector) . This construct may contain a 
single gene and operably linked regulatory elements; 

20 multiple genes, each with its owned set of operably linked 
regulatory elements; or multiple genes, regulated by the 
same set of regulatory elements. Intermediate 
transplacement constructs are often maintained in a 
replicon, such as an extrachromosomal element (e.g., 

25 plasmids) capable of stable maintenance in a host, such as 
a bacterium. The replicon will have a replication system, 
thus allowing it to be maintained in a suitable host for 
cloning and amplification. 

30 Currently, the most commonly used transfer vector for 
introducing foreign genes into AcNPV is pAc373. Many other 
vectors, known to those of skill in the art, have also been 
designed- These include, for example, pVL985 (which alters 
the polyhedrin start codon from ATG to ATT, .and which 

35 introduces a BamHI cloning site 3 2 basepairs downstream from 
the ATT; see Luckow and Summers, Virology (1989) 17:31. 

The plasmid usually also contains the polyhedrin 
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polyadenylation signal (Miller et al. (1988) Ann. Rev. 
Microbiol. . 42:177) and a procaryotic ampicillin-resistance 
( amp ) gene and origin of replication for selection and 
propagation in coll . 

5 

Baculovirus transfer vectors usually contain a baculovirus 
promoter. A baculovirus promoter is any DNA sequence 
capable of binding a baculovirus RNA polymerase and 
initiating the downstream (5* to 3') transcription of a 

10 coding sequence (e.g. structural gene) into mRNA. A 
promoter will have a transcription initiation region which 
is usually placed proximal to the 5» end of the coding 
sequence. This transcription initiation region usually 
includes an RNA polymerase binding site and a transcription 

15 initiation site. A baculovirus transfer vector may also 
have a second domain called an enhancer, which, if present, 
is usually distal to the structural gene. Expression may be 
either regulated or constitutive. 

20 Structural genes, abundantly transcribed at late times in a 
viral infection cycle, provide particularly useful promoter 
sequences. Examples include sequences derived from the gene 
encoding the viral polyhedron protein, Friesen et al., 
(1986) "The Regulation of Baculovirus Gene Expression," in: 

25 The Molecular Biology of Baculoviruses (ed. Walter 
Doerf ler) ; EPO Publ. Nos. 127 839 and 155 476; and the gene 
encoding the plO protein, Vlak et al., (1988), J . Gen . 
Virol. 69:765. 

30 DNA encoding suitable signal sequences can be derived from 
genes for secreted insect or baculovirus proteins, such as 
the baculovirus polyhedrin gene (Carbonell et al, (1988) 
Gene , 73:409). Alternatively, since the signals for 
mammalian cell posttranslational modifications , (such as 

35 signal peptide cleavage, proteolytic cleavage, and 
phosphorylation) appear to be recognized by insect cells, 
and the signals required for secretion and nuclear 
accumulation also appear to be conserved between the 
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invertebrate cells and vertebrate cells, leaders of non- 
insect origin, such as those derived from genes encoding 
human a-interf eron , Maeda et al. , (1985), Nature 315:592; 
hviman gastr in-releasing peptide, Lebacq-Verheyden et al. , 
5 (1988), Molec. Cell- Biol. 8:3129; human IL-2, Smith et al., 
(1985) Proc. Kat'l Acad. Sci- USA . 82:8404; mouse IL-3 , 
(Miyajima et al., (1987) Gene 58:273; and human 
glucocerebrosidase, Martin et al. (1988) DNA, 2:99, can also 
be used to provide for secretion in insects - 

10 

A recombinant polypeptide or polyprotein may be expressed 
intracellular ly or, if it is expressed with the proper 
regulatory sequences, it can be secreted. Good 
intracellular expression of nonfused foreign proteins 

15 usually requires heterologous genes that ideally have a 
short leader sequence containing suitable translation 
initiation signals preceding an ATG start signal. If 
desired, methionine at the N-terminus may be cleaved from 
the mature protein by in vitro incubation with cyanogen 

20 bromide. 

Alternatively, recombinant polyproteins or proteins which 
are not naturally secreted can be secreted from the insect 
cell by creating chimeric DNA molecules that encode a fusion 

25 protein comprised of a leader sequence fragment that 
provides for secretion of the foreign protein in insects. 
The leader sequence fragment usually encodes a signal 
peptide comprised of hydrophobic amino acids which direct 
the translocation of the protein into the endoplasmic 

30 reticulum - 

After insertion of the DNA sequence and/or the gene encoding 
the expression product precursor of the protein, an insect 
cell host is co-transformed with the heterologous DNA of the 
35 transfer vector and the genomic DNA of wild type baculovirus 
usually by co-trans feet ion. The promoter and 
transcription termination sequence of the construct will 
usually comprise a 2-5kb section of the baculovirus genome. 
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Methods for introducing heterologous DNA into the desired 
site in the baculovirus virus are known in the art- (See 
Summers and Smith supra ; Ju et al. (1987); Smith et al., 
Mol. Cell. Biol. (1983) 3.: 2156; and Luckow and Summers 
5 (1989)) . For example, the insertion can be into a gene such 
as the polyhedrin gene, by homologous double crossover 
recombination; insertion can also be into a restriction 
enzyme site engineered into the desired baculovirus gene. 
Miller et al., (1989) , Bioessavs 4.:91.The DNA sequence, when 
10 cloned in place of the polyhedrin gene in the expression 
vector, is flanked both 5* and 3* by polyhedrin-specif ic 
sequences and is positioned downstream of the polyhedrin 
promoter . 

15 The newly formed baculovirus expression vector is 
subsequently packaged into an infectious recombinant 
baculovirus. Homologous recombination occurs at low 
frequency (between about 1% and about 5%); thus, the 
majority of the virus produced after cotransf ection is still 

20 wild-type virus. Therefore, a method is necessary to 
identify recombinant viruses. An advantage of the 
expression system is a visual screen allowing recombinant 
viruses to be distinguished. The polyhedrin protein, which 
is produced by the native virus, is produced at very high 

25 levels in the nuclei of infected cells at late times after 
viral infection. Accumulated polyhedrin protein forms 
occlusion bodies that also contain embedded particles. 
These occlusion bodies, up to 15 /im in size, are highly 
refractile, giving them a bright shiny appearance that is 

30 readily visualized under the light microscope. Cells 
infected with recombinant viruses lack occlusion bodies. To 
distinguish recombinant virus from wild-type virus, the 
transfection supernatant is plagued onto a monolayer of 
insect cells by techniques known to those skilled in the 

35 art. Namely, the plaques are screened under the light 
microscope for the presence (indicative of wild-type virus) 
or absence (indicative of recombinant virus) of occlusion 
bodies. "Current Protocols in Microbiology" Vol. 2 (Ausubel 
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et al. eds) at 16,8 (Supp. 10, 1990); Summers and Smith, 
supra ; Miller et al. (1989) . 

Recombinant baculovirus expression vectors have been 
5 developed for infection into several insect cells. For 
example, recombinant baculoviruses have been developed for, 
inter alia : Aedes aeavpti , Autoarap ha calif ornica, Bombyx 
inori, DrosQPhiJ ^ melanoaaster , Spodoptera frugiperda, and 
Trichoplusia ni fPCT Pub. No. WO 89/046699; Carbonell et 
10 al., (1985) J. Virol. 56; 153; Wright (1986) Nature 321; 718; 
Smith et al., (1983) Mol. Cell . Biol. 3:2156; and see 
generally, Fraser, et al. (1989) In Vitro Cell. Dev. Biol. 
25:225) . 

15 Cells and cell culture media are commercially available for 
both direct and fusion expression of heterologous 
polypeptides in a baculovirus/expression system; cell 
culture technology is generally known to those skilled in 
the art. s&e> e,a. . Summers and Smith supra . 

20 

The modified insect cells may then be grown in an 
appropriate nutrient medium, which allows for stable 
maintenance of the plasmid(s) present in the modified insect 
host. Where the expression product gene is under inducible 

25 control, the host may be grown to high density, and 
expression induced. Alternatively, where expression is 
constitutive, the product will be continuously expressed 
into the medium and the nutrient medium must be continuously 
circulated, while removing the product of interest and 

30 augmenting depleted nutrients. The product may be purified 
by such techniques as chromatography, e.g., HPLC, affinity 
chromatography, ion exchange chromatography, etc.; 
electrophoresis; density gradient centrifugation; solvent 
extraction, or the like. As appropriate, the product may be 

35 ftirther purified, as required, so as to remove substantially 
any insect proteins which are also secreted in the medium or 
result from lysis of insect cells, so as to provide a 
product which is at least substantially free of host debris, 
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e.g., proteins, lipids and polysaccharides. 

In order to obtain protein expression, recoinbinant host 
cells derived from the transf ormants are incubated under 
5 conditions which allow expression of the recombinant protein 
encoding sequence. These conditions will vary, dependent 
upon the host cell selected. However, the conditions are 
readily ascertainable to those of ordinary skill in the art, 
based upon what is known in the art. 

10 

iii* Bacterial Systems 

Bacterial expression techniques are known in the art. A 
bacterial promoter is any DNA sequence capable of binding 

15 bacterial RNA polymerase and initiating the downstream (3") 
transcription of a coding sequence (e,g, structural gene) 
into mRNA. A promoter will have a transcription initiation 
region which is usually placed proximal to the 5' end of the 
coding sequence. This transcription initiation region 

20 usually includes an RNA polymerase binding site and a 
transcription initiation site. A bacterial promoter may 
also have a second domain called an operator, that may 
overlap an adjacent RNA polymerase binding site at which RNA 
synthesis begins. The operator permits negative regulated 

25" (inducible) transcription, as a gene repressor protein may 
bind the operator and thereby inhibit transcription of a 
specific gene. Constitutive expression may occur in the 
absence of negative regulatory elements, such as the 
operator. In addition, positive regulation may be achieved 

3 0 by a gene activator protein binding sequence, which, if 
present is usually proximal (5') to the RNA polymerase 
binding sequence. An example of a gene activator protein is 
the catabolite activator protein (CAP) , which helps initiate 
transcription of the lac operon in Escherichia ^ coli (E. 

35 coli) [Raibaud et al. (1984) Annu. Rev. Genet. 18:173]. 
Regulated expression may therefore be either positive or 
negative, thereby either enhancing or reducing 
transcription. 
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Sequences encoding metabolic pathway enzymes provide 
particularly useful promoter sequences. Examples include 
promoter sequences derived from sugar metabolizing enzymes, 
5 such as galactose, lactose (lac) [Chang et al. (1977) Nature 
198:1056], and maltose. Additional examples include 
promoter sequences derived from biosynthetic enzymes such as 
tryptophan (tr£) [Goeddel et al. (1980) Nuc. Acids Res. 
8:4057; Yelverton et al. (1981) Nucl. Acids Res. 9:731; U.S. 

10 Patent No. 4,738,921; EPO Publ. Nos. 036 776 and 121 775]. 
The g-laotamase ( bla ) promoter system [Weissmann (1981) "The 
cloning of interferon and other mistakes." In interferon 3 
(ed. I. Gresser) ] / bacteriophage lambda PL [Shimatake et al. 
(1981) Nature 292 :1281 and T5 [U.S. Patent No. 4,689,406] 

15 promoter systems also provide useful promoter sequences. 

In addition, synthetic promoters which do not occur in 
nature also function as bacterial promoters. For example, 
transcription activation sequences of one bacterial or 

20 bacteriophage promoter may be joined with the operon 
sequences of another bacterial or bacteriophage promoter, 
creating a synthetic hybrid promoter [U.S. Patent 
No. 4,551,433]. For example, the tac promoter is a hybrid 
trp-lac promoter comprised of both tro promoter and lac 

25 operon sequences that is regulated by the lac repressor 
[Amann et al. (1983) Gene 25:167; de Boer et al. (1983) 
Proc. Natl. Acad. Sci. 80:21]. Furthermore, a bacterial 
promoter can include naturally occurring promoters of non- 
bacterial origin that have the ability to bind bacterial RNA 

30 polymerase and initiate transcription. A naturally 
occurring promoter of non-bacterial origin can also be 
coupled with a compatible RNA polymerase to produce high 
levels of expression of some genes in prokaryotes. The 
bacteriophase T7 RNA polymerase/promoter system is an 

35 example of a coupled promoter system [Studier et al. (1986) 
J, Mol- Biol. 18_9:113; Tabor et al. (1985) Proc Natl. Acad. 
Sci. 82.: 1074]. In addition, a hybrid promoter can also be 
comprised of a bacteriophage promoter and an coli 
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operator region (EPO Publ . No. 267 851). 

In addition to a functioning promoter sequence, an efficient 
ribosome binding site is also useful for the expression of 
5 foreign genes in prokaryotes. In E. coli, the ribosome 
binding site is called the Shine-Dalgarno (SD) sequence and 
includes an initiation codon (ATG) and a sequence 3-9 
nucleotides in length located 3-11 nucleotides upstream of 
the initiation codon [Shine et al. (1975) Nature 254 :341 * 

10 The SD sequence is thought to promote binding of mRNA to the 
ribosome by the pairing of bases between the SD sequence and 
the 3' and of E. coli 16S rRNA [Steitz et al, (1979) 
"Genetic signals and nucleotide sequences in messenger RNA," 
In Biological Regulation and Development: Gene Expression 

15 (ed. R.F- Goldberger) ] . To express eukaryotic genes and 
prokaryotic genes with weak ribosome-binding site [Sambrook 
et al. (1989) "Expression of cloned genes in Escherichia 
coli." In Molecular Cloning: A Laboratory Manual !. 

20 A DNA molecule may be expressed intracellular ly. A promoter 
sequence may be directly linked with the DNA molecule, in 
which case the first amino acid at the N-terminus will 
always be a methionine, which is encoded by the ATG start 
codon. If desired, methionine at the N-terminus may be 

25 cleaved from the protein by in vitro incubation with 
cyanogen bromide or by either in vivo on in vitro incubation 
with a bacterial methionine N-terminal peptidase (EPO Publ. 
No. 219 237) . 

30 Fusion proteins provide an alternative to direct expression. 
Usually, a DNA sequence encoding the N-terminal portion of 
an endogenous bacterial protein, or other stable protein, is 
fused to the 5* end of heterologous coding sequences. Upon 
expression, this construct will provide a fusion of the two 

35 amino acid sequences. For example, the bacteriophage lambda 
cell gene can be linked at the 5* terminus of a foreign gene 
and expressed in bacteria. The resulting fusion protein 
preferably retains a site for a processing enzyme (factor 
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Xa) to cleave the bacteriophage protein from the foreign 
gene [Nagai et al. (1984) Nature 309 :8101 . Fusion proteins 
can also be made with sequences from the lacZ [Jia et al. 
(1987) Gene 60:197], trpE [Allen et al. (1987) J. 
5 Biotechnol, 5:93; Makoff et al. (1989) J. Gen. Microbiol. 
135:11], and Chev [EPO Publ. No. 324 647] genes. The DNA 
sequence at the junction of the two amino acid sequences may 
or may not encode a cleavable site. Another example is a 
ubiquitin fusion protein. Such a fusion protein is made 
10 with the ubiquitin region that preferably retains a site for 
a processing enzyme (e.g. ubiquitin specific processing- 
protease) to cleave the ubiquitin from the foreign protein. 
Through this method, native foreign protein can be isolated 
[Miller et al. (1989) Bio /Technology 7:6981. 

15 

Alternatively, foreign proteins can also be secreted from 
the cell by creating chimeric DNA molecules that encode a 
fusion protein comprised of a signal peptide sequence 
fragment that provides for secretion of the foreign protein 

20 in bacteria [U.S. Patent No. 4,336,336]. The signal 
sequence fragment usually encodes a signal peptide comprised 
of hydrophobic amino acids which direct the secretion of the 
protein from the cell. The protein is either secreted into 
the growth media (gi^am-positive bacteria) or into the 

25 periplasmic space, located between the inner and outer 
membrane of the cell (gram-negative bacteria) . Preferably 
there are processing sites, which can be cleaved either in 
vivo or in vitro encoded between the signal peptide fragment 
and the foreign gene. 

30 

DNA encoding suitable signal sequences can be derived from 
genes for secreted bacterial proteins, such as the E. coli 
outer membrane protein gene (ompA) [Masui et al. (1983) , in: 
Experimental Manipulation of Gene Expression ; Ghrayeb et al. 
35 (1984) EMBO J. 3.- 243 7] and the E. coli allcaline phosphatase 
signal sequence (phoA) [Olca et al. (1985) Proc. Natl. Acad. 
Sci. 82:7212]. As an additional example, the signal 
sequence of the alpha-amylase gene from various Bacillus 
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strains can be used to secrete heterologous proteins from 
B. subtilis [Palva et al. (1982) Proc. Natl. Acad. Sci. USA 
29:5582; EPO Publ. No. 244 042]. 

5 Usually, transcription termination sequences recognized by 
bacteria are regulatory regions located 3 ' to the 
translation stop codon, and thus together with the promoter 
flank the coding sequence. These sequences direct the 
transcription of an mRNA which can be translated into the 

10 polypeptide encoded by the DNA. Transcription termination 
sequences frequently include DNA sequences of about 50 
nucleotides capable of forming stem loop structures that aid 
in terminating transcription. Examples include 

transcription termination sequences derived from genes with 

15 strong promoters, such as the trp gene in E. coli as well as 
other biosynthetic genes. 

Usually, the above described components, .comprising a 
. promoter, signal sequence (if desired) , coding sequence of 

20 interest, and transcription termination sequence, are put 
together into expression constructs. Expression constructs 
are often maintained in a replicon, such as an 
extrachromosomal element (e.g., plasmids) capable of stable 
maintenance in a host, such as bacteria. The replicon will 

25 have a replication system, thus allowing it to be maintained 
in a procaryotic host either for expression or for cloning 
and amplification. In addition, a replicon may be either a 
high or low copy number plasmid. A high copy number plasmid 
will generally have a copy number ranging from about 5 to 

30 about 200, and usually about 10 to about 150. A host 
containing a high copy number plasmid will preferably 
contain at least about 10, and more preferably at least 
about 20 plasmids. Either a high or low copy number vector 
may be selected, depending upon the effect of the vector and 

35 the foreign protein on the host. 

Alternatively, the expression constructs can be integrated 
into the bacterial genome with an integrating vector. 
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Integrating vectors usually contain at least one sequence 
homologous to the bacterial chromosome that allows the 
vector to integrate. Integrations appear to result from 
recombinations between homologous DNA in the vector and the 
5 bacterial chromosome. For example, integrating vectors 
constructed with DNA from various Bacillus strains integrate 
into the Bacillus chromosome (EPO Publ. No. 127 328) . 
Integrating vectors may also be comprised of bacteriophage 
or transposon sequences, 

10 

Usually, extrachromosomal and integrating expression 
constructs may contain selectable markers to allow for the 
selection of bacterial strains that have been transformed. 
Selectable markers can be expressed in the bacterial host 

15 and may include genes which render bacteria resistant to 
drugs such as ampicillin, chloramphenicol, erythromycin, 
kanamycin (neomycin), and tetracycline [Davies et al. (1978) 
Annu. Rev. Microbiol. 12:469]. Selectable markers may also 
include biosynthetic genes, such as those in the histidine, 

20 tryptophan, and leucine biosynthetic pathways. 

Alternatively, some of the above described components can be 
put together in transformation vectors. Transformation 
vectors are usually comprised of a selectable market that is 
25 either maintained in a replicon or developed into an 
integrating vector, as described above. 

Expression and transformation vectors, either extra- 
chromosomal replicons or integrating vectors, have been 

30 developed for transformation into many bacteria. For 
example, expression vectors have been developed for, inter 
alia , the following bacteria: Bacillus subtilis [Palva et 
al. (1982) Proc . Natl . Acad . Sci ■ USA 79:5582; EPO Publ. 
Nos. 036 259 and 063 953; PCT Publ. No. WO 84/04541], 

35 Escherichia coli [Shimatake et al, (1981) Nature 292:128; 
Amann et al. (1985) Gene 40=183; Studier et al- (1986) 
Mol- Biol- 189 :113; EPO Publ. Nos. 036 776, 136 829 and 136 
907], Streptococcus cremoris [Powell et al- (1988) Aopl. 
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Environ, Microbiol. 54 :655]; Streptococcus lividans [Powell 
et al. (1988) Appl. Environ, Microbiol. 54 : 655] , 
Streptomyces lividans [U.S. Patent No. 4,745,056], 

5 Methods of introducing exogenous DNA into bacterial hosts 
are well-known in the art, and usually include either the 
transformation of bacteria treated with CaCl^ or other 
agents, such as divalent cations and DMSO, DNA can also be 
introduced into bacterial cells by electr operation . 
10 Transformation procedures usually vary with the bacterial 
species to be transformed. See e.g., [Masson et al. (1989) 
FEMS Microbiol. Lett. 60:273; Palva et al, (1982) Proc. 
Natl, Acad. Sci. USA 79 :5582: EPO Publ. Nos. 036 259 and 063 
953; PCT Publ. No. WO 84/04541, Bacillus], [Miller et al. 
15 (1988) Proc. Natl. Acad. Sci. 85:856; Wang et al. (1990) 

Bacteriol. 172:949, Campylobacter], [Cohen et al. (1973) 
Proc. Natl. Acad. Sci. 69:2110; Dower et al. (1988) Nucleic 
Acids Res. 16:6127; Kushner (1978) "An improved method for 
transformation of Escherichia coli with ColEl-derived 
20 plasmids. In Genetic Engineering: Proceedings of the 
International Symposium on Genetic Engineering (eds. H.W. 
Boyer and S. Nicosia); Mandel et al. (1970) J. Mol. Biol. 
53:159; Taketo (1988) Biochim . Biophys . Acta 949 :318: 
Escherichia], [Chassy et al. (1987) FEMS Microbiol. Lett, 
25 44:173 Lactobacillus] ; [Fiedler -gt al. (1988) Anal. Biochem 
170:38, Pseudomonas] ; [Augustin et al. (1990) FEMS 
Microbiol. Lett. 66:203, Staphylococcus], [Barany et al , 
(1980) J. Bacteriol. 144:698; Harlander (1987) 
"Transformation of Streptococcus lactis by electroporation, 
30 in: Streptococcal Genetics (ed. J. Ferretti and R. Curtiss 
III); Perry et al. (1981) Infec. Immun. 32:1295; Powell et 
al , (1988) AppI. Environ. Microbiol, 54.:655; Somkuti et al. 
(1987) Proc. 4th Evr, Cong. Biotechnology 1:412, 
Streptococcus] . 

35 

iv. Yeast Expression 

Yeast expression systems are also known to one of ordinary 
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skill in the art. A yeast promoter is any DNA sequence 
capable of binding yeast RNA polymerase and initiating the 
downstream (3') transcription of a coding sequence (e.g. 
structural gene) into mRNA. A promoter will have a 
5 transcription initiation region which is usually placed 
proximal to the 5' end of the coding sequence. This 
transcription initiation region usually includes an ENA 
polymerase binding site (the "TATA Box") and a transcription 
initiation site. A yeast promoter may also have a second 

10 domain called an upstream activator sequence (UAS) , which, 
if present, is usually distal to the structural gene. The 
UAS permits regulated (inducible) expression. Constitutive 
expression occurs ih the absence of a UAS, Regulated 
expression may be either positive or negative, thereby 

15 either enhancing or reducing transcription. 

Yeast is a fermenting organism with an active metabolic 
pathway, therefore sequences encoding enzymes in the 
metabolic pathway provide particularly useful promoter 

20 sequences- Examples include alcohol dehydrogenase (ADH) 
(EPO Publ. No. 284 044), enolase, glucokinase , glucose-e- 
phosphate isomer ase , glycer aldehyde-3 -phosphate- 
dehydrogenase (GAP or GAPDH) , hexokinase, 
phosphofructokinase, 3-phosphoglycerate mutase, and pyruvate 

25 kinase (PyK) (EPO Publ. No. 329 203). The yeast PH05 gene, 
encoding acid phosphatase, also provides useful promoter 
sequences [Myanohara et al. (1983) Proc. Na tl. Acad. Sci, 
USA 80:1] . 

30 In addition, synthetic promoters which do not occur in 
nature also function as yeast promoters. For example, UAS 
sequences of one yeast promoter may be joined with the 
transcription activation region of another yeast promoter, 
creating a synthetic hybrid promoter. Examples of such 

35 hybrid promoters include the ADH regulatory sequence linked 
to the GAP transcription activation region (U.S. Patent Nos. 
4,876,197 and 4,880,734). Other examples of hybrid 
promoters include promoters which consist of the regulatory 
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sequences of either the ADH2, GAL4 , GALIO . OR PH05 genes, 
combined with the transcriptional activation region of a 
glycolytic enzyme gene such as GAP or PyK (EPO Publ, No. 164 
556). Furthermore, a yeast promoter can include naturally 
5 occurring promoters of non-yeast origin that have the 
ability to bind yeast RNA polymerase and initiate 
transcription. Examples of such promoters include, inter 
alia , [Cohen et al. (1980) Proc. Natl. Acad. Sci, USA 
77:1078; Henikoff et al. (1981) Nature 283:835; Hollenberg 

10 et al, (1981) Curr. Topics Microbiol. Immunol. 96:119; 
Hollenberg et al. (1979) "The Expression of Bacterial 
Antibiotic Resistance Genes i the Yeast Saccharomyces 
cerevisiae , " in : Plasmids of Medical, Environmental and 
Commercial Importance (eds. K>N> Timmis and A. Puhler) ; 

15 Mercerau-Puigalon et al. (1980) Gene 11 :163; Panthier et al . 
(1980) Curr. Genet. 2:109;]. 

A DNA molecule may be expressed intracellular ly in yeast. 
A promoter sequence may be directly linked with the DNA 
20 molecule, in which case the first amino acid at the N- 
terminus of the recombinant protein will always be a 
methionine, which is encoded by the ATG start codon. If 
desired, methionine at the N-terminus may be cleaved from 
the protein by in vitro incubation with cyanogen bromide. 

25 

Fusion proteins provide an alternative for yeast expression 
systems, as well as in mammalian, baculovirus, and bacterial 
expression systems. Usually, a DNA sequence encoding the N- 
terminal portion of an endogenous yeast protein, or other 

30 stable protein, is fused to the 5' end of heterologous 
coding sequences. Upon expression, this construct will 
provide a fusion of the two amino acid sequences. For 
example, the yeast or human superoxide dismutase (SOD) gene, 
can be linked at the 5" terminus of a foreign, gene and 

35 expressed in yeast. The DNA sequence at the junction of the 
two amino acid sequences may or may not encode a cleavable 
site. See e.g., EPO Publ. No. 196 056. Another example is 
a ubiquitin fusion protein. Such a fusion protein is made 
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with the ubiquitin region that preferably retains a site for 
a processing enzyme (e.g. ubiquitin-specif ic processing 
protease) to cleave the ubiquitin from the foreign protein. 
Through this method, therefore, native foreign protein can 
5 be isolated (see, e.g., PCT Publ. No. WO 88/024066)- 

Alternatively, foreign proteins can also be secreted from 
the cell into the growth media by creating chimeric DNA 
molecules that encode a fusion protein comprised of a leader 

10 sequence fragment that provide for secretion in yeast of the 
foreign protein. Preferably, there are processing sites 
encoded between the leader fragment and the foreign gene 
that can be cleaved either in vivo or in vit ro. The leader 
sequence fragment usually encodes a signal peptide comprised 

15 of hydrophobic amino acids which direct the secretion of the 
protein from the cell. 

DNA encoding suitable signal sequences can be derived from 
genes for secreted yeast proteins, such as the yeast 
20 invertase gene (EPO Publ. No, 012 873; JPG Publ. No. 
62,096,086) and the A-factor gene (U.S. Patent No. 
4,588,684). Alternatively, leaders of non-yeast origin, 
such as an interferon leader, exist that also provide for 
secretion in yeast (EPO Publ. No. 060 057). 

25 

A preferred class of secretion leaders are those that employ 
a fragment of the yeast alpha-factor gene, which contains 
both a "pre" signal sequence, and a "pro" region. The types 
of alpha-factor fragments that can be employed include the 

30 full-length pre-pro alpha factor leader (about 83 amino acid 
residues) as well as truncated alpha-factor leaders (usually 
about 25 to about 50 amino acid residues) (U.S. Patent Nos. 
4,546,083 and 4,870,008; EPO Publ. No. 324 274). Additional 
leaders employing an alpha-factor leader fragment that 

35 provides for secretion include hybrid alpha-factor leaders 
made with a presequence of a first yeast, but a pro-region 
from a second yeast alphaf actor. (See e.g., PCT Publ. No. 
WO 89/02463.) 
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Usually, transcription termination sequences recognized by 
yeast are regulatory regions located 3 ' to the translation 
stop codon, and thus together with the promoter flank the 
5 coding sequence. These sequences direct the transcription 
of an mRNA which can be translated into the polypeptide 
encoded by the DNA. Examples of transcription terminator 
sequence and other yeast-recognized termination sequences, 
such as those coding for glycolytic enzymes. 

10 

Usually, the above described components, comprising a 
promoter, leader (if desired) , coding sequence of interest, 
and transcription termination sequence, are put together 
into expression constructs* Expression constructs are often 

15 maintained in a replicon, such as an extrachromosomal 
element (e.g., plasmids) capable of stable maintenance in a 
host, such as yeast or bacteria. The replicon may have two 
replication systems, thus allowing it to be maintained, for 
example, in yeast for expression and in a procaryotic host 

20 for cloning and amplification. Examples of such yeast- 
bacteria shuttle vectors include YEp24 [Botstein et 
(1979) Gene 8:17-24] , pCl/1 [Brake et al- (1984) Proc. Natl. 
Acad. Sci USA 81:4642-4646], and YRpl7 [Stinchcomb et al. 
(1982) J. Mol. Biol. 138:157]. In addition, a replicon may 

25 be either a high or low copy number plasmid. A high copy 
number plasmid will generally have a copy number ranging 
from about 5 to about 200, and usually about 10 to about 
150, A host containing a high copy number plasmid will 
preferably have at least about 10, and more preferably at 

30 least about 20. Enter a high or low copy number vector may 
be selected, depending upon the effect of the vector and the 
foreign protein on the host. See e.g. , Brake et , supra . 

Alternatively, the expression constructs can be integrated 
35 into the yeast genome with an integrating vector. 
Integrating vectors usually contain at least one sequence 
homologous to a yeast chromosome that allows the vector to 
integrate, and preferably contain two homologous sequences 
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flanking the expression construct. Integrations appear to 
result from recombinations between homologous DNA in the 
vector and the yeast chromosome [Orr-Weaver et al. (1983) 
Methods in Enzvmol- 101:228-245] . An integrating vector may 
5 be directed to a specific locus in yeast by selecting the 
appropriate homologous sequence for inclusion in the vector. 
See Orr-Weaver et al . , supra . One or more expression 
construct may integrate, possibly affecting levels of 
recombinant protein produced [Rine et al. (1983) Proc. Natl. 

10 Acad, Sci. USA 80:67501. The chromosomal sequences included 
in the vector can occur either as a single segment in the 
vector, which results in the integration of the entire 
vector, or two segments homologous to adjacent segments in 
the chromosome and flanking the expression construct in the 

15 vector, which can result in the stable integration of only 
tbe expression construct. 

Usually, extrachromosomal and integrating expression 
constructs may contain selectable markers to allow for the 

20 selection of yeast strains that have been transformed. 
Selectable markers may include biosynthetic genes that can 
be expressed in the yeast host, such as ADE2 , HIS4, LEU2, 
TRPl , and ALG7 , and the G418 resistance gene, which confer 
resistance in yeast cells to tunicamycin and G418, 

25 respectively. In addition, a suitable selectable marker may 
also provide yeast with the ability to grow in the presence 
of toxic compounds , such as metal . For example, the 
presence of CUPl allows yeast to grow in the presence of 
copper ions [Butt et al. (1987) Microbiol , Rev. 51:351]. 

30 

Alternatively, some of the above described components can be 
put together into transformation vectors. Transformation 
vectors are usually comprised of a selectable marker that is 
either maintained in a replicon or developed into an 
35 integrating vector, as described above. 

Expression and transformation vectors, either 
extrachromosomal replicons or integrating vectors., have been 
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developed for transformation into many yeasts. For example, 
expression vectors have been developed for, inter alia . the 
following yeasts : Candida albicans [Kurtz, et aj^. (1986) Mol ■ 
Cell. Biol. 6: 142] , Candida maltose [Kunze, et al. (1985) 
5 Basic Microbiol , 25 :141}. Hansenula polymorpha [Gleeson, et 
al- (1986) J. Gen. Microbiol. 132 : 3459 ; Roggenkamp et al. 
(1986) Mol. Gen. Genet. 202:302], Kluyveromyces fragilis 
[Das, et al. (1984) J. Bacterid, 158 :1165], Kluyveromyces 
lactis [De Louvencourt et al, (1983) J. Bacteriol. 154 : 737 ; 

10 Van den Berg et al. (1990) Bio/Technology 8:135], Pichia 
guillerimondii [Kunze et al. (1985) J. Basic Microbiol. 
2^:141], Pichia pastoris [Cregg, et al. (1985) Mol. Cell. 
Biol. 5:3376; U.S. Patent Nos. 4,837,148 and 4,929,555], 
Saccharomyces cerevisiae [Hinnen et al. (1978) Proc. Natl. 

15 Acad. Sci. USA 75:1929; Ito et al. (1983) J. Bacterlol. 
153:163], Schizosaccharomyces pombe [Beach and Nurse (1981) 
Nature 300 :706] , and Yarrowia lipolytica [Davidow, et al. 

(1985) Curr. Genet. 10:380471 Gaillardin, et al. (1985) 
Curr . Genet . 10:49]. 

20 

Methods of introducing exogenous DNA into yeast hosts are 
well-)cnown in the art, and usually include either the 
transformation of spheroplasts or of intact yeast cells 
treated with alkali cations. Transformation procedures 
25 usually vary with the yeast species to be transformed. See 
e.g., [Kurtz et al. (1986) Mol. Cell. Biol, 6:142; Kunze et 
al. (1985) J. Basic Microbiol, ^5:141; Candida]; [Gleeson 
et aJL. (1986) J. Gen. Microbiol, 132 :3459; Roggenkamp et al. 

(1986) Mol. Gen. Genet. 202 :302; Hansenula]; [Das et al, 
30 (1984) J. Bacterid - 158 : 1165; De Louvencourt et al. (1983) 

J. Bacteriol. 154 :1165: Van den Berg et al. (1990) 
Bio /Technology 8:135; Kluyveromyces]; [Cregg et al. (1985) 
Mol. Cell. Biol. 5:3376; Kunze et al. (1985) J. Basic 
Microbiol. 25:141; U.S. Patent Nos. 4,837,148 and ,4,929,555; 
35 Pichia]; [Hinnen et al. (1978) Proc. Natl. Acad. Sci. USA 
75;1929; Ito et al. (1983) J. Bacteriol. 153: 163 
Saccharomyces]; [Beach and Nurse (1981) Nature 300 : 706 ; 
Schizosaccharomyces]; [Davidow et ai. (1985) Curr. Genet- 
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10:39; Gaillardin et al. (1985) Curr. Genet. 10:49; 
Yarrowia] . 

Example 1 - Detoxified LT 

5 

A fragment of the gene for LT was extracted from plasmid 
EWD299 [Dallas W-S., Gill D.M. and Falkow S., 1979, J. 
Bacterid., 139 , 850-858] by digestion with the restriction 
enzymes Smal and EcoRI, and was recloned in the vector 
10 Bluescript KS suitable for producing single strands of DNA 
[Sambrook J., Fritsch E. and Maniatis, T. "Molecular 
Cloning", Cold Spring Harbor]. 

BW313 cells were transformed by the clones thus obtained and 
15 allowed to grow for 14 hours in a culture medium consisting 
of Luria Broth with the addition of 1 [ig/ml of uridine, 

A series of synthetic oligonucleotides (listed in Table 1 
below) ^ containing the mutation, or the desired bases 
20 instead of the natural ones, and a sequence of 10 bases 
upstream and 10 downstream of the same mutation, identical 
to the natural ones, was first of all synthesised chemically 
and then phosphorylated , 1.5 pmol thereof being treated at 
37^0 with 5 units of kinase. 

25 

After halting the reaction with a 100 mM EDTA solution, the 
oligonucleotides were annealed to the single strand 
containing the LT gene, by heating for 5 minutes at 70 °C and 
cooling slowly for about one hour in ice. 

30 

At that stage there was added to this cold solution (25 Ml) 
a solution of free nucleotides, the enzyme DNA ligase and 
the enzyme DNA polymerase, in a final volume of 100 /il. 

35 The solution thus obtained was kept for five minutes in ice, 
five minutes at ambient temperature and two hours at 37 ^C. 

Suitable cells of E. coli were transformed with the reaction 
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mixture, in accordance with the usual techniques [Sambrook 
J., Fritsch E. and Maniatis T. "Molecular Cloning" Cold 
Spring Harbor], and the site-directed mutagenesis was 
checked by sequencing of the clones obtained. 

5 

The Smal-EcoRI fragment containing the various mutations was 
substituted for the original Smal-EcoRI insert in the 
plasmid EWD299- 

10 The strains which encode the mutated toxin were then grown 
in 10 ml of Luria Broth for 12 hours at 37**^ 

The cultures were centrifuged and the precipitate containing 
the cells was resuspended in 300 ml of a solution containing 
15 25% of sucrose and 50 mM of Tris buffer at pH8; and the 
mixture was treated for one hour at ambient temperature with 
1 mg/ml of a solution of Polymixin B. 

The presence of the toxoid in the periplasmatic supernatant 
20 liquor was verified by means of Western Blot and its 
toxicity was evaluated by the inducement or lack of 
inducement of morphological changes in Yl cells (see Table 
1) . 

25 Yl cells are adrenal tumour epithelial cells which become 
markedly more rounded when treated with a solution 
containing CT or LT [Yasamure Y., Buonassisi V. and Sato G., 
"Clonal analysis of differentiated function in animal cell - 
cultures". Cancer Res., 1966, 26, 529-535]. The toxicity of 

30 CT and LT is correlated with this morphological transition. 
The periplasmic supernatant is diluted with a solution of 
FIO medium, horse serum 1,5%, glutamine and gentamycin to 
lesser and lesser concentrations and Yl cells (250000 
cells/ml) are incubated with the resulting solutions for 48 

35 hours at 37 oC under an atmosphere of CO^. The morphology of 
the cells is evaluated. 

In all cases, immunogenicity was shown by correct assembly 
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of the complete toxoid and by cross reaction of the toxoid 
with antibody to the wild type LT. 

The results are shown in Table I below. 

In this Table (and in Table II below) the toxicity symbols 
mean as follows: 



+++ 
10 ++ 



15 



20 



25 



30 



35 



toxic after dilution 1:2000 (wild type toxicity) 
toxic up to dilution 1:250 

toxic up to dilution 1:64 

not toxic, even undiluted 

TABLE I 



Example Mutation 



1.1 LT 

1.2 LT 



1.3 
1.4 
1.5 



LT 
LT 
LT 



1.6 LT 
1.8 LT 



Val- 
Val- 
Val- 
Ser- 
Val- 
Val- 
His- 
Tyr- 



1.9 LT 

1.10 LT Tyr 

1.11 LT Tyr- 

1.12 LT Pro- 



-53 -Asp 

-53-Glu 

•5 3 -Tyr 

■63-Lys 

-97-Lys 

'9 7 -Tyr 

-107-Glu 

104-Lys 

104-Asp 

104-Ser 

106-Ser 



Oligonucleotide Secnience Toxicity 

291 - ACCGGCTTTGATAGATATG AT- 3 11 

2 9 1-ACCGGCTTTGAAAGATATGAT- 311 

2 9 l-ACCGGCTTTTACAGATATGAT-3 11 

322 -GTTTCCACTAAGCTTAGTTTG-3 42 

424 -ATGTTTAATAAGAATGATGTA-4 44 

424 -ATGTTTAATTACAATGATGTA-4 4 4 

454 -TACAGCCCTGAGCCATATGAA-4 74 ^ 

445 -ATTAGCGTAAAGAGCCCT-4 62 

4 4 5-ATTAGCGTAGATAGCCCT-4 62 

447 -TAGCGTAAGTAGCCCTCA-4 64 

453 -ATACAGCAGCCACCCATA-47 0 



Two lautation of serine (Ser-114-Glu:477-GGAGGTGAAGCGTTAGG- 
494 and Ser-114-Ly&: 477-GGAGGTTAAAGCGTTAGG-494) were also 
shown to exhibit substantially reduced toxicity. 



Comparative Examples 



A LT LT Wild Type 

40 B LT Arg-210-Asp 769-ATATATCTCAACGAATATCAA-789 + 

C LT Leu-41-Phe 113-ATATTAATTTCTATGATC-13 0 NA 

D LT His-44-Phe 121-CTTTATGATTTTGCGAGA-13 8 NA 

E LT Ala-45-Tyr 125-ATGATCACTATAGAGGAA-142 NA 

F LT Arg-54-Ala 152-GCTTTGTCGCGTATGATG-169 ++ 

45 G LT Arg-54-Lys 151-GGCTTTGTCAAGTATGATGAT-171 -H- 

H LT Tyr-59-Met 167-ATGACGGAATGGTTTCCA-184 ^ 

I LT Val-60-Gly 169-GACGGATATGGATCCACTTCT-189 NA 

J LT Ser-68-Lys 193-AGTTTGAGAAAGGCTCACTTA-213 -H- 

K LT Series -Pro 193-AGTTTGAGACCAGCTCACTTA-213 NA 

50 L LT His-70-Pro 199-AGAAGTGCTCCTTTAGCAGGA-219 NA 

M LT Ala-72-Arg 205-GCTCACTTAAGGGGACAGTCT-225 -H- 

N LT Ala-72-His 205-GCTCACTTACATGGACAGTCT-225 -w- 

0 LT Arg-192-Asn 565-GATTCATCAATTACAATCACA-585 -Hf 
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(NA means "not assembled", i.e the holotoxin AB5 is not 
formed at all) 

5 Example 2 - Detoxified CT 

The procedure followed in the case of the gene for the toxin 
CT is analogous to that described above. 

10 A fragment containing the gene for a CT was amplified by 
means of the polymerase chain reaction (PCR) technique from 
plasmid pCT322. An alternative and equivalent source of the 
CT gene is plasmid pJMl? (Pearson et al, PNAS USA, 79, 
(1982), 2976-2980). 

15 

The following two synthetic primers were used: 
1 ) GGCAGATTCTAGACCTCCTGATGAAATAAA 
20 2 ) TGAAGTTTGGCGAAGCTTCTTAATTTGCCATACTAATTGCGGCAATCGCAT 

containing respectively an Xbal site and an artificial 
Hindlll site (shown underlined) . 

25 The resulting amplified fragment, Xbal-Hindlll , which has a 
length of 1074 base pairs, contains the codons of the two 
sub-units, A and B, but not the sequence encoding the leader 
peptide of the A sub-unit. This fragment was recloned in 
Bluescript KS vector and was treated in accordance with the 

3 0 procedure described above for LT, so as to effect the site- 
directed mutagenesis. 
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TABLE II 



Example Mutation 



Oligonucleotide Sequence 



Toxicity 



5 



2.1 CTVal-53-Asp 

2.2 CTSer-63-Lys 

2.3 CTVal-97-Lys 

2.4 CTSer-106-Pro 



ACGGGATTTGACAGGCACGAT 
GTTTCCACCAAGATTAGTTTG 
ATGTTTAACAAGAATGATGTA 
GGCATACAGTAGCCATCCAGA 



10 



Comparative Examples 



A CT Arg-192-Asn 
B CTArg-54-His 



GAATGCTCCAAACTCATCGAT 
GGATTTGTTCATCACGATGAT 



+++ 



The following mutations also proved to abolish toxicity: Ife- 
107"Asn (TACAGTCCTAACCCAGATGAA) , Glu-llO-Ser 
(TCATCCAGATTCGCAAGAAGT) , Glu-112-Ala (CAGATGAACAAGCTGTTTCTG) 
and Ser-114-GlU (CAAGAAGTTGAAGCTTTAGGT) . 

It will be understood that the invention is described above 
by way of example only and modifications of detail may be 
made within the scope and spirit of the invention. 
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CLAIMS : 

1. An immunogenic detoxified protein comprising the amino 
acid sequence of subunit A of a cholera toxin (CT-A) or a 

5 fragment thereof or the amino acid sequence of subunit A of 
an Escherichia coli heat labile toxin (LT-A) or a fragment 
thereof wherein one or more amino acids at^ or in positions 
corresponding to Val-53, Ser-63, Val-97, Tyr-104 or.Pro-106 
are replaced with another amino acid. 

10 

2. An immunogenic detoxified protein according to claim 
1 wherein additionally one or more amino acids at, or in 
positions corresponding to Arg-7, Asp-9, Arg-ll, His-44, 
Arg-54, Ser-61, His-70, His-107, Glu-110, Glu-112, Ser-114, 

15 Trp-127, Arg-146 or Arg-192 are replaced, 

3. An immunogenic detoxified protein according to claim 
1 or 2 comprising one or more of the following amino acid 
replacements Val-53 -Asp, Val-53-Glu, Val-53-Tyr, Ser-63-Lys, 

20 Val-97-LyS; Val-97-Tyr, His-107-Glu, Tyr-104-Lys, Tyr-104- 
Asp, Tyr-104-Ser, Pro-106-Ser, Ser-114-Glu, Ser-114-Lys. 

4. An immunogenic composition for use a vaccine 
comprising an immunogenic detoxified protein according to 

25 any one of the preceding claims and a pharmaceutically 
acceptable carrier. 

5. A vaccine composition comprising an immunogenic 
detoxified protein according to any one of claims 1 to 3 and 

30 a pharmaceutically acceptable carrier. 

6. A vaccine composition according to claim 5 further 
comprising an adjuvant. 

35 7. A DNA sequence encoding an immunogenic detoxified 
protein according to any one of claims 1 to 3. 

8. A vector carrying a DNA according to claim 7. 
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SO 



9. A host cell line transformed with the vector according 
to claim 8. 

5 10. A process for the production of an immunogenic 
detoxified protein according to any one of claims 1 to 3 
comprising culturing a host cell according to claim 9. 

11, A process for the production of a DNA according to 
10 claim 7 comprising the steps of subjecting a DNA encoding 

a CT-A or an LT-A or a fragment thereof to site-directed 
mutagenesis. 

12. A method of vaccinating a mammal against Vibrio 
15 cholerae or an enterotoxigenic strain of Escherichia 

coli comprising administering an immunologically effective 
amount of an immxmogenic detoxified protein according to any 
one of claims 1 to 3 . 

20 13- A process for the formulation of a vaccine according 
to claim 5 comprising bringing an immunogenic detoxified 
protein according to any one of claims 1 to 3 into 
association with a pharmaceutically acceptable carrier. 

25 14. A process for the formulation of a vaccine according 
to claim 6 comprising bringing an immunogenic detoxified 
protein according to any one of claims 1 to 3 into 
association with an adjuvant. 
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1/4 



LT2 1 -.-.FF T R-A L QQ-AYE PI 38 

LTl 1 FRS . 39 

LT1_1A 1 -G-R R HN 40 

CT 1 NDDKLYRADSRPPDEIKQSGGLMPRGQSEYFDRGTQMNIN 40 



„E V— NT~N TVT~Q 1 — N~GS- 78 

y 79 

Y L A — S Y 80 

LYDHARGTQTGFVRHDDGYVSTSISLRSAHLVGQTILSGH 8 0 



NE V-P L-D~G R Y-S-N-FA 118 

-LTIYI . . , IS 116 

V *-Y 120 

STY YI YVIATAPNMFNVNDVLGAYSPHPDEQEVSALGGIP 12 0 



L 1 SF-A-EGGMQ D — GDLF-G-TV — N — 158 



N I~R E R— N E- 160 

YSQIYGWYRVHFGVLDEQLHRNRGYRDRYYSNLDIAPAAD 160 



— Q SNFP M — STF~EQ-VPNNKEFK-GV-I 198 

196 

— R D-Q Q DSS-TITGD — N 2 00 

GYGLAGFPPEHRAWREEPWIHHAPPGCGNAPRSSMSNTCD 200 



SA-NV — KYD-MNFKKLL~ RLALTFFM~D-F-GVHGE 2 41 

*"~"~"~"**"*'**'*~^— • , ^ ■*"""""" 236 

-E— N-STIY-R D- , ~EV- . I Y . R 2 40 

EKTQSLGVKFLDEYQSKVKRQIFSGY . QSDID . THNRI • KDEL 2 40 



Figure 1 
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2/4 



LT AATGGCGACAGATTATACCGTGCTGACTCTAGACCCCCAGATGAAATAAAACGTTTCCGG 

NGDRLYRADSRPPDEIKRFR 20 



NDDKLYRADSRPPDEIKQSG 20 
CT AATGATGATAAGTTATATCGGGCAGATTCTAGACCTCCTGATGAAATAAAGCAGTCAGGT 

LT AGTCTTATGCCCAGAGGT . . . AATGAGTACTTCGATAGAG6AACTCAAATGAAXATTAAT 

SLMPRGQNEYFDRGTQMNIN 39 



GLMPRGQSEYFDRGTQMNIN 40 
CT GGTCTTATGCCAAGAGGACAGAGTGAGTACTTTGACCGAGGTACTCAAATGAAXATCAAC 

LT CTTTATGATC ACGCGAGAGGAAC AC AAACCGG CTTTGTCAGATATGATGACGGATATGTT 

LYDHARGTQTGFVRYDDGYV 59 



LYDHARGTQXGFVRHDDGYV 60 
CT CTTTATGATCATGCAAGAGGAACTCAGACGGGATTTGTTAGGCACGATGATGGATATGTT 

LT TCCACTTCTCTTAGTTTGAGAAGTGCTCACTTAGCAGGACAGTATATATTATCAGGATAT 

STSLSLRSAHLAGQYILSGY 79 



STSISLRSAHLVGQTILSGH 80 
CT TCCACCTCAATTAGTTTGAGAAGTGCCCACTTAGT6GGTCAAACTATATTGTCTGGTCAT 

LT TCACTTACTATATATATCGTTATAGCA AATATGTTTAATGTTAATGATGTA 

SLXIYIVIA NMFNVNDV 96 



STYYIYVIATAPNMFNVNDV 100 
CT TCTACTTATTATATATATGTTATAGCCACTGCACCCAACATGTTTAACCXTAATGATGTA 

LT ATTA6CGTATACAGCCCTCACCCATATGAACAGGAGGTTTCTGCGTTAGGTGGAATACCA 

ISVYSPHPYEQEVSALGGIP 116 



LGAYSPHPDEQEVSALGGIP 120 
CT TIA6GGGCATACAGXCCTCATCCAGAXGAACAAGAAGTXTCXGCTTTAGGTGGGATTCCA 



Figure 2a 
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LT TATXCTCAGATATATGGATGGTATCGTGTTAATTTTGGTGTGATTGATGAACGATTACAT 

YSQIYGWYRVNFGVIDERLH 136 



ySQIYGWYRVHFGVLDEQLH 140 
CT TACTCCCAAATATATGGATGGTATCGAGTTCATTTTGGGGTGCTTGATGAACAATTACAT 

LT CGTAACAGGGAATATAGAGACCGGTAITACAGAAATCTGAATATAGCTCCGGCAGAGGAT 

RNREYRDRYYRNLKIAPAED 156 



RNRGYRDRYYSNLDIAPAAD 160 
CT CGTAATAGGGGCTACAGAGATAGATATTACAGTAACTTA6ATATTGCTCCAGCAGCA6AT 

LT GGTTACAGACTAGCAGGTTTCCCACCGGATCACCAAGCTT6GAGAGAAGAACCCTGGATT 

GYRLAGFPPDHQAWREEPWI 176 



GYG LAGFPPEHRAWREEPWI 180 
CT GGTTATGGATTGGCAGGTTTCCCTCCGGAGCATAGAGCTTGGAGGGAAGAGCCGTGGATT 

LT CATCATGCACCACAAGGTXGTGGAGATTCATCAAGAACAATCACAGGTGATACTTGTAAT 

HHAPQGCGBSSRTITGDTCN 196 



HHAPPGCGNAPRSSISNTCD 200 
CT CATCAXGCACCGCCGGGTTGTGGGAAXGCTCCAAGATCATCGATCAGTAATACTTGCGAT 

LT GAGGAGACCCAGAATCTGAGCACAATATATCTCAGGGAATATCAATCAAAAGTTAA6AGG 

EETQNLSTIYLREYQSKVKR 216 



EKTQSLGVKFLDEYQSKVKR 220 
CT GAAAAAACCCAAAGTCTA6GTGTAAAATTCCTTGAC6AATACCAATCTAAAGTTAAAA6A 

LT CAGATATTTTCAGACTATCAGTCAGAGGTTGACATATATAACAGAATTCG6GATGAATTATGA 
QIFSDYQSEVDIYNRIRDEL ♦ 



QIFSGYQSDIDTHNRIKDEL * 
CT CAAATATTTTCAGGCTATCAATCTGATATTGATACACATAATAGAATTAA06AT0AATTATGA 



Figure 2b 
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In another aspect of this invention a process is described whereby a hapten or protein can be coupled 
to a nnucosal immunogen and the complex of which, when fed, results in the production of antibodies to the 
hapten or coupled protein. 



5 


ABBREVIATIONS 




1. 


Ab 


Antibody 




o 


boA 


bovine serum albumin 




o 
O. 


uonA 


Conconavalin A 


10 


4. 


DNP 


dinitrophenyl 




c 
O. 




Enzyme linked immunosorbent assay 




6. 


ETEC 


enterotoxiQenic E, coli 




7. 


GALT 


gut associated lymphoid tissue 




8. 


HA 


hydroxy apatite 


15 


9. 


im 


intra muscular 




10. 


LHRH 


luteinizing hormone releasing hormone. 




11. 


LPS 


lipopoiysaccharide 




12. 


LT-B 


heat labile toxin of enterotoxigenic E. coli. 




13, 


0/N 


overnight 


20 


14. 


per 00 


oral administration 




15. 


ps 


polysaccharide 




16. 


RT 


room temperature 




17. 


sc 


subcutaneous 




18. 


SDS-PAGE 


SDS - polyacrylamide gel electrophoresis 


25 


19. 


TCA 


trichloroacetic acid. 



DISCLOSURE OF INVENTION 

In a first form the invention provides a complex comprising: an immunogen suitable for vaccination 
purposes; 

linked to a carrier molecule which is capable of specifically interacting with the mucosal epithelium of a 
vertebrate host; wherein both the immunological activity of the immunogen and the capacity of the carrier 
molecule to specifically interact with the mucosal epithelium of the vertebrate host is substantially 
maintained, and said complex is capable of eliciting a systemic, cellular and/or mucosal immune response 
in the vertebrate host. 

Preferred immunogens according to the invention include: an antigen or hapten or all, part, analogues, 
homologues, derivatives or combinations of a hormone or therapeutic agent . These immunogens include 
hormones such as LHRH (luteinising hormone releasing hormone) FSH, HGH and Inhibin; allergens such as 
grass pollens (for instance barley and couch), weed pollens (eg. clover, dock), tree pollens (eg. ash, 
Cyprus), plant pollens (eg. broom), epithelia (eg. cat hair, dog hair, pig hair) and house dust, wheat chaff and 
Kapok; immunogens for vaccines against agents such as influenza! measles, Rubella, smallpox, yellow 
fever, diphtheria, tetanus, cholera, plague, typhus. BOG, haemophilus influenzae . Neisseria catarrhalis , 
Klebsiella pneumonia , pneumococci and streptococci especially S. mutans ; and pili including pili derived 
from E. coli , N. gonorrhoeae . N. meningitis . N. catarrhalis . Yersinia spp . Pseudomonas aeruginosa , 
Pseudomonas spp, Moraxella bovis . Bacteroides nodosus . Staphylococci spp. Streptococci spp and 
Bordetella spp. 

Preferred carrier molecules include bacterial adhesins such as 987P, K99. CFAI. CFAIl, K88 or F41 ; 
viral haemagglutinins such as from influenza, measles. Rubella, smallpox or yellow fever viruses; toxins or 
binding subunits thereof such as LTB ricin, abrin. diphtheria toxin, modecin, tatanus toxcin and others of 
similar structures; and lectins whether from plant or other origin. Lectins include for example conconavalin 
A. Pokeweed mitogen or lectins from Lens culinaris . Helix pomatia . Glycine max , Arachis hypogea . or Ulex 
europeus or Abrin. Asparagus pea, Broad bean, Camel's foot tree. Castor bean. Fava bean, Green marine 
algae. Hairy vetch. Horse gram. Horse shoe crab. Jack bean, Japanese wisteria, Jequirity, Scotch laburnum. 
Lima bean, Ltmulin. Lotus, European mistletoe. Mung bean. Osage orange. Pagoda tree. Garden pea. 
Potato. Red kidney bean. Red marine algea, Siberian pea tree, edible snail, garden snail. Spindle tree, 
Sweet pea. Tomato, wheat germ or winged pea. 
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Preferably the polynucleotide sequence is one wherein the first hybrid polynucleotide sequence acts as 
a coding sequence for the amino acid sequence of all, part, an analogue, homologue, derivative or 
combination thereof of LHRH fused to the amino acid sequence of a carrier molecule, more preferably LTB. 
In a further form of the invention there is provided a medicament which comprises a complex according 
5 to the invention together with a pharmaceutically acceptable carrier or diluent. Examples of pharmaceuti- 
cally acceptable carriers and diluents include typical carriers and diluents such as tablets, aqueous 
solutions, sodium bicarbonate solutions and similar diluents which neutralise stomach acid or have similar 
buffering capacity, glycols, oils, oil-in-water or water-in-oil emulsions, and include medicaments in the form 
of emulsions, gels, pastes and viscous colloidal dispersions. The medicament may be presented in capsule, 
10 tablet, slow release or elixir form or as a gel or paste or may be presented as a nasal spray and in this form 
may be in the presence of an aerosol. Furthermore, the medicament may be provided as a live stock feed 
or as food suitable for human consumption. 

The present inventors have also found that co-administration of certain dietary molecules with a 
complex of the present invention can selectively modulate the magnitude and/or type of the immune 
15 response to the immunogen of the complex. 

Accordingly the present invention further provides a medicament which comprises the complex of the 
present invention together with a dietary molecule which dietary molecule can selectively modulate the 
magnitude and/or type of the immune response to the immunogen of the complex. 

The dietary molecule envisaged by the present invention include basic, neutral and acidic amino acids, 
20 such as argenine, histidine, lysine, alanine, cysteine, cystine, glycine, isoleucine, leucine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, aspartic acid, glutamic acid; water 
soluble and insoluble vitamins, such as thiamine, riboflavin, pyridoxal cyanocobalamin (V.B12) ascorbic acid 
(V.C). Vit D2, etc - Ergosterol , Vlt.E, Vit.A, Vit K etc; sugars including monosaccharides e.g. galactose, 
mannose. mannitol, sorbitol, glucose, xylose. Allose, altrose. arabinose, digitoxose, erythrose, fructose, 
25 lyxose, muramic acid, mannose. pyruvic acid, ribose, tagatose, talose and the amidated and N acetylated 
derivatives thereof; oligosaccharides e.g. lactose, maltose, melibiose. sucrose, cellubiose. N.N diacetyl 
chitobiose. gentobiose, isomaltose. lactobionic acid, trehalose, turanose; and dietary minerals and co-factors 
such as manganese, magnesium, zinc, calcium and iron. 

The invention also provides a method of presenting a complex of the present invention which method 
30 comprises the mucosal administration of a complex of the present invention together with a dietary 
molecule capable of modulating the magnitude and/or type of immune response of the immunogen. 

The invention also provides the oral administration of the medicaments of the invention, in order to elicit 
a response to the active molecule in the host. Such a response, in the case where the active molecule is an 
antigen or hapten may be a systemic and/or a mucosal immune response. In the case where the active 
35 molecule is LHRH or a derivative, analogue, homologue. part or combination thereof, of LHRH, the response 
will be inhibition of gonadal function in the host. Where the oral medicament incorporates a dietary 
molecule according to the invention, the invention provides a method for enhancing the host's response to 
the active molecule which comprises administering such an oral medicament to the host. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the N-terminal amino acid sequence of the 987P pilin subunit, in comparison with the 
N-terminal amino acid sequence of other pilin proteins. 

45 MODES FOR CARRYING OUT THE INVENTION 

Materials 

Lectins were purchased from Sigma Chemical Co. Inactivated flu vaccine was purchased from the 
50 Commonwealth Serum Labs. (Australia). Sugars and vitamins were obtained from the following sources:- 
Lactose (AR grade) - Ajax Chemicals, Sydney. Australia; Fructose D(-). Mannose D( + ). Sorbitol and Xylose 
D( + ) (all AR grade)- B.D.H. Chemicals Ltd. Poole, England; Melibiose D( + )- Sigma Chemical Co., St. Louis, 
Miss.; Retinal (Vit A. aldehyde)- Fluka AG, Chemicals, Fabrik Buchs, Switzerland; Thiamine - HCl (Vit B1), 
Riboflavin (Vit B2), Pyridoxal (Vit B6), Cyanocobalamin (Vit B12). L-ascorbic acid (Vit C), Ergosterol (Pro Vit 
55 D) and dl-a-tocopherol (Vit E)- Sigma Chemical Co.. St. Louis. Miss. 
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prior to loading on the ion-exchange columns equilibrated with the same buffers. K99 and 987P were loaded 
onto CM and DEAE columns respectively at a flow rate of 100ml/hr. washed with 2 volumes of loading 
buffer and the pili eluted using a linear gradiient from 10 mM to 0.5 M NaCI in the equilibration buffers. 
Fractions were examined by SDS-PAGE for protein content and LPS contamination, according to the 
5 method of Tsai and Frasch (1982). 

LTB Purification 

Three litres of LTB supernatant was diluted to 61 with dHaO. The pH was adjusted to 6.5 with glacial 
10 acetic acid and loaded onto a 5 x 30 cm column of fastflow CM-Sepharose equilibrated with 10 mM 
phosphate buffer pH 6.5 at a flow rate of 1.2 l/hr. The column was then washed with 400 mis of 10 mM 
phosphate buffer pH 6.5 and bound protein eluted with a linear gradient of 10-500 mM Nad in 10 mM 
phosphate pH 6.5 Fractions were collected and analysed by SDS-PAGE, the LTB peak was pooled. 

/5 Flagellae Isolation 

Late log phase cultures of bacteria were pelleted by centrifugation (3.000 x g for 15 mins. at 4C). The 
cells were resuspended in saline and heated at 60C for 30 minutes, followed by centrifugation (3000 x g. 10 
min 4'C). The supernatant was precipitated by adding a solution of 100% TCA (w/v) to give a final 

20 concentration of 10% (w/v) and spun for 10 min at 1,500 x g 4C. The pellet was resuspended in a small 
volume of 1 M Tris pH 8.8 and sonicated until in solution, Ethanol was added to a final concentration of 
80% (v/v) and the flagellae spun down at 2,000 x g, 10 min at 4C. The pellet was resuspended in acetone, 
sonicated into suspension and reprecipitated by centrifugation (5,000 x g). Finally the pellet was brought 
into solution by boiling in 10% SDS and 50 mM EDTA in 10 mM Tris. HCI pH 8.0. prior to Sephacryl S-200 

25 chromatography. 

Flagellae purification 

After boiling For 15 min the flagellae were clarified by centrifugation for 5 min. in a Beckman benchtop 
30 microfuge to remove non-solubilized material. The supernatant was applied to a 2.5 x 80 cm column of 
Sephacryl - S200 (Pharmacia, Fine Chemicals) equilibrated with 20 mM Tris pH 8.8, 0.1% SDS and 10 mM 
EDTA and eluted using the same buffer. Fractions were collected and analysed by SDS-PAGE. Finally the 
flagellae peak was pooled and precipitated with 10% (final cone.) TCA followed by centrifuation, ethanol and 
acetone washes as described previoulsy. The final pellet was resuspended in dH20. 

35 

Lipopolysaccharide (LPS) Purification 

Overnight cultures of S. typhimurium were extracted (30 min R.Temp) with 0.5 M CaCl2 in 20% ethanol 
(v/v) containing 100 mM citrate pH 3.0 and 5% Zwittergent 3.12 (w/v) (Calbiochem.). Bacteria were pelleted 

40 by centrifugation (3,000 x g, 10 min at 4C) and the pellet resuspended in 50 mM EDTA pH 8.0 The 
suspension was stirred vigorously for 30 min at R.T. After removal of the bacteria by centrifugation ethanol 
was added to the supernatant to a final concentration of 75%. Protein material was pelleted and the 
supernatant adjusted to 90% ethanol. The precipitate which formed was pelleted and washed with acetone, 
reprecipitated and finally resuspended in dH20. The preparation was assayed for sugar content using the 

45 Anthrone reagent (Herbert et al. 1985) and checked for the presence of contaminating proteins using SDS- 
PAGE, Commercial E. coli LPS (Sigma Chemical Co,,) was used as a standard in both assays. Gels were 
stained for LPS using a silver stain according to the method of Tsai and Frasch (1982). 

Preparation of Polysaccharide (PS) 

60 

Lipid A was cleaved from the S. typhimurium LPS preparation by incubating the LPS with 1 M glacial 
acetic acid and heating at 100C for 2-5 hrs. Lipid A was then removed by centrifugation at 3,000 x g for 10 
mins at 4C, 

55 Description of Purified Antigens 

SDS-PAGE analysis of purified K99 and 987P pili preparations revealed the presence of a single band 
migrating at 17,500 and 20,000 mol, wt. (respectively) under reducing conditions (Fig. 1). This agrees with 
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Enzyme Linked Immunosorbent Assay (ELISA) 

The ELISA for the determination of antibody litres was performed as described previously by Russell- 
Jones et al.. (1984). 

5 

EXAMPLE 1 

Identification of Molecules Active as Mucosal Immunogens 

w The possible potential of a number of molecules known to possess the capacity to bind to the intestinal 
mucosa and to stimulate the production of an immune response after oral administration of these molecules 
was examined. The response generated by these molecules was compared to the response seen after 
similar feeding of other molecules having no mucosal binding functions. 

As seen in Table 1.1, three broad classes of proteins were detected in these experiments:- those that 

;5 elicited a serum and intestinal response. K99. 987P, LTB, flu vaccine and the various lectins (Class 1) 
(these shall henceforth be referred to as mucosal immunogens). those that elicited only a serum response 
(LPS) (Class II) and those that failed to elicit either a serum or intestinal response at the doses tested 
(Flagellae, BSA and P.S.) (Class III). Within class I antigens 987P was a significantly superior stimulator of 
IgA antibody (ab) (48.5 t 1.8) when compared to LTB (12.2 t 4.4). or K99 (3.2 t 4,9). In addition 987P also 

20 stimulated gastrointestinal IgG (10.8 ± 1.76) to a greater extent than either K99 (3.0 ± 5.3). or LTB (1.0), and 
only 987P was capable of stimulating serum IgA (10,8 ± 8.8). All four class I antigens stimulated serum IgG 
to similar degrees (Table 1.1). The class II antigen, LPS, stimulated a small serum IgG response (12.1 ± 
1.0) with no concomitant IgA or gastrointestinal reactivity. Finally BSA. flagellae and the polysaccharide 
moiety of LPS - class III antigens - failed to induce either serum or intestinal IgG or IgA. Representative 

25 samples from all three classes; K99. 987P, LTB, LPS and flagellae were administered intramuscularly and 
screened for both serum and intestinal response (Table 1.2). Class I and II antigens gave similar serum IgG 
responses yet failed to produce serum IgA or intestinal IgG/IgA Ab responses. Only the anti-LPS serum IgG 
response appeared significantly improved by i.m. immunisation. Each of 987P, K99 and LTB were further 
examined in dose response studies after both oral and i.m. administration. As seen in Tables 1.3 and 1.4, 

30 987P yielded consistently higher titers than either K99 or LTB regardless of the route of administration. 
Interestingly the class I antigen - LTB - displayed a bell shaped dose-response with a plateau maximum 
between 10 and 50 ug. None of the other class I antigens produced this effect, nor did the LTB when 
administered Im. Oral administration of all class t antigens (Ag) elicited higher levels of intestinal IgA Ab (S- 
IgA) over the broad range of doses tested. Comparison between the two routes of administration suggests 

35 that although i.m. injection consistently gave higher titers, oral administration of mucosal immunogens 
resulted in comparable levels of antibody production to that obtained by the i.m. route between 10 and 100 
ug of antigen for class I and II antigens. 
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Table 1 .2 

Immune reactions to an tigens presented Intramuscularl y 



Antigen used 
for immunisation , Serum 
(20 Mg does) IgG 



Immune response/ day 21. 
Intestinal 
IgA IgG IgA 



10 



15 



K99 


1024 


+ 


94 


<4 


<4 


<4 


987P 


1552 




112 


<4 


<4 


<4 


LT8 


1782 




100 


<4 


<4 


<4 


Flagel lae 


1595 


+ 


227 


<4 


<4 


<4 


LPS 


388 


+ 


58 


<4 


<4 


<4 



20 



See Table M 



Table 1.3 



25 



30 



35 



40 



45 



Dose response to orally presented antigens 


Antigen 


Immune response*, day 21 , per dose (ug) 




0.1 


1.0 


10 


50 


100 


1.000 


Serum IgG 


K99 


1.0 


4.0 


28 


675 


1351 


4096 


987P 


4.0 


14 


84 


588 


1024 


3104 


LTB 


9.0 


194 


1351 


1331 


891 


891 


Serum IgA 


K99 


<4 


<4 


<4 


<4 


<4 


<4 


987P 


<4 


<4 


<4 


9.6 


18.3 


32 


LTB 


<4 


<4 


<4 


<4 


<4 


<4 


Intestinal IgG 


K99 


<4 


<4 


<4 


<4 


<4 


<4 


987P 


<4 


<4 


<4 


4.0 


4.0 


8.0 


LTB 


<4 


<4 


<4 


<4 


<4 


<4 


Intestinal IgA 


K99 


<4 


<4 


<4 


4.0 


16.7 


87 


987P 


<4 


<4 


9.1 


54 


84 


147 


LTB 


<4 


<4 


<4 


4.0 


4.0 


8.0 



50 



' see Table 1.1. 



55 



12 



EP 0 222 835 B1 



structure of these compounds to Galactose which is claimed to be the specific sugar determinant on the 
GM1 ganglioside to which LIB is known to bind. These results are broadly suggestive that K99, 987P and 
LIB bind to and are internalized by discrete cells of the microvillous epithelium. 

Dose response experiments (Tables 2.4, 2.5 and 2.6) demonstrate that is possible to stimulate the 

5 secretary arm of the immune system without concomitant stimulation of serum antibodies, or conversely to 
augment the serum response without affecting the level of secretary Abs. by the simple addition of dietary 
molecules to the orally presented mucosal immunogens. Thus cofeeding of large doses of Vit B12 or 
melibiose with K99 leads to a two to eightfold (respectively) increase in serum Ab with little concomitant 
increase in secretory Abs. Conversely cofeeding of Vit D in increasing doses lead to a drop in serum Abs 

70 and a rise in secretory Ab. Certain dietary molecules on the other hand also result in stimulation of both 
secretory and serum Ab titres as shown by an eightfold increase in serum Ab and a 1000 fold increase in 
S-lgA upon cofeeding of Vit C with 987P. 

Experiments in which the mucosal immunogens were injected i.m. together with vitamins or sugars 
showed little effect if any on the immune response thus demonstrating that the change in response due to 

15 cofeeding of these molecules with the mucosal immunogens must occur on or near the site of absorption of 
these molecules rather than directly upon the immune system (Table 2.7). 



TABLE 2.1 



Effects of dietary molecules on the immune response to orally administered K99 (20ug)' 


Dietary Molecule 


Dose 


Antibody Response 


Serum 


Intestinal 


igG 


igA 


IgG 


IgA 


none 




9681120 


<4 


3.015.2 


3.214.9 


Vit A 


20ug 


278±184 


3.414.7 


1.511.1 


5.413.0 


VitB1 


n 


1171107 


1.512,0 


2.711.0 


2.110.9 


Vit B2 


M 


604+216 


<4 


2.311.7 


2.010.6 


Vit B6 


n 


14150 


<4 


2.011.5 


3.518.2 


Vit B12- 


n 


337711266 


4.013.0 


<4 


<4 


Vit c*- 


If 


3181255 


2.012.8 


32 11.1 


98170 


Vit D- 


ft 


19211640 


<4 


<4 


6.312.7 


VitE 


n 


5121128 


<4 


<4 


4.412.1 


Fructose 


50m M 


17821966 


8.413.7 


2.911.6 


34.7114.2 


Lactose 


n 


841204 


<4 


<4 


22.916.7 


Mannose 


n 


11761411 


2.613.4 


10,213.4 


21.1140.3 


Melibiose** 


n 


18401208 


1.211.4 


3.212.0 


4.413.7 


Sorbitol 


n 


771179 


<4 


1.310.4 


20.513.4 


Xylose 


ft 


3281217 


<4 


1.911.1 


2.811.3 



• The reciprocal of the antiserum dilution that gave an ELISA reading of 0,5 after 45 min at 
37*C on day 21 after immunisation. Each value is the mean of five mice H standard 
deviation. 



45 ** Each value is the mean of 15 mice H standard deviation. These molecules were also 

tested in dose response experiments. 
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TABLE 2.4 



Effect of orally administered dietary molecules on the immune response to oral antigen (K99r 


Dietary Molecule 


Day 21 Immune response per dose (ug mM +) 




0.1 


1.0 


10 


50 


100 


500 


1000 


Serum IgG 


Vit B12 


256 


675 


1176 


1552 


2352 


nd 


2352 


VitC 


512 


891 


588 


675 


1024 


nd 


891 


Vit D 


588 


588 


776 


891 


1782 


nd 


891 


Melibiose 


128 


256 


675 


4096 


9410 


256 


nd 


Serum IgA 


Vit B12 


<4 


<4 


4.0 


5.2 


<4 


nd 


<4 


VitC 


<4 


<4 


4.0 


16.0 


16.0 


nd 


16.0 


Vit D 


<4 


<4 


<4 


<4 


<4 


nd 


<4 


Melibiose 


<4 


<4 


<4 


4.0 


4.0 


4.0 


nd 


Intestinal IgG 


Vit B12 


<4 


<4 


<4 


<4 


<4 


nd 


<4 


VitC 


<4 


4.0 


16,2 


32.0 


36.1 


nd 


38.0 


Vit D 


<4 


<4 


<4 


<4 


<4 


nd 


<4 


Melibiose 


<4 


<4 


<4 


4.0 


4.0 


4.5 


nd 


Intestinal IgA 


Vit 812 


<4 


<4 


<4 


<4 


5.2 


nd 


13.9 


VitC 


<4 


<4 


4.0 


16.0 


36.7 


nd 


73.5 


VitD 


<4 


<4 


4.0 


8.0 


13,9 


nd 


24.2 


Melibiose 


5.2 


4,0 


4.0 


4.0 


9.2 


4.0 


nd 



dose in ug, vitamins; 
+ , dose in mM, sugars. 
' See Table 2.1 
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TABLE 2.6 



Effect of orally administered dietary molecules on the immune response to oral antigen (LTB)' 


Dietary Molecule 


Day 21 Immune response per dose (ug -,mM +) 




0.1 


1.0 


10 


50 


100 


500 


1000 


Serum IgG 


Vit 86 
• 


2352 


5048 


55.7 


10.5 


4.6 


nd 


4.0 


Lactose 


1782 


1782 


73.5 


6.9 


4.0 


4.0 


nd 


Sorbitol 


1024 


256 


18.3 


13,9 


4.0 


4.0 


nd 


Serum IgA 


Vit B6 


<4 


<4 


<4 


<4 


<4 


nd 


<4 


Lactose 


<4 


<4 


<4 


<4 


<4 


<4 


nd 


Sorbitol 


<4 


1.4 


<4 


<4 


<4 


<4 


nd 


Intestinal IgG 


Vit B6 


<4 


<4 


<4 


<4 


<4 


nd 


<4 


Lactose 


<4 


<4 


<4 


<4 


<4 


<4 


nd 


Sorbitol 


<4 


<4 


<4 


<4 


<4 


<4 


nd 


Intestinal IgA 


Vit 86 


5.6 


<4 


<4 


<4 


<4 


nd 


<4 


Lactose 


4.0 


4.0 


<4 


<4 


<4 


<4 


nd 


Sorbitol 


4.0 


<4 


<4 


<4 


<4 


<4 


nd 



dose in ug, vitamins; 
+ , dose in mM, sugars 
30 " see Table 2.1 



TA8LE 2.7 



Effect of varying the dose of co-administered dietary molecules on the immune response to 






intramuscularly presented antigen K99, 987P* 




Antigen 


Dietary 






Day 21 Immune response 




given 


molecule 
















(ug) 


0.1 


1.0 


10 


50 


100 


1000 


(s) IgG 


K99 


Vit 812 


1121 


1468 


1572 


2328 


4766 


2109 


K99 


VitD 


1024 


1272 


1168 


1372 


1489 


1315 


987P 


VitC 


1687 


1529 


1707 


1700 


1662 


1891 




(mM) 


0.1 


1.0 


10 


50 


100 


500 


(s) IgG 


K99 


f^elibiose 


1024 


1176 


1057 


1392 


1262 


989 


987P 


Melbiose 


1538 


1622 


1701 


1519 


1666 


1621 


987P 


Sorbitol 


1670 


1577 


1548 


1632 


1711 


1651 



+ . no serum IgA, intestinal IgG or intestinal IgA was detected 
55 ' See Table 2.1 
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TABLE 3.1 



10 



15 



20 



25 



30 



Antibody response to DNP-modified mucosal immunogens. 



Immunogen 


Dose (ug) 


Immune response' 


Anti-DNP 


Anti-Carrier 


serum IgG 


Int IgA 


serum IgG 


Int IgA 




on 


<4 


<4 


875±62 


3.915.1 


k'QQ 


1 nn 
1 UU 


<4 


<4 


135U128 


16.712.3 






2U10.5 


<4 


6417.2 


<4 




^nn 


1024±77 


4219.6 


128127.4 


76112.9 




^nn 


1 1761164 


28114.4 


35651192 


88121.0 


987P 




<4 


<4 


891176 


27.8113.6 


Qft7P 

*30f r 


inn 


<4 


<4 


1024189 


84122.4 


DNPR QA7P 


on 
^u 


24t3.1 


<4 


147112.2 


<4 


nNP?^ QA7P 


*>nn 
%>uu 


1024±244 


1413.1 




fift+IQ P 




'^nn 

DUU 


13511196 


711.4 


20481166 


128138.4 


1 TR 


on 
^u 


<4 


<4 


13511211 


12.214.4 


DNP2.3.LTB 


20 


24.315.6 


<4 


445135 


<4 


LTB 


100 


<4 


<4 


891156 


4.0 


DNP6BSA 


20 


<4 


<4 


<4 


<4 


DNP6BSA 


100 


<4 


<4 


<4 


<4 


Con A" 


20 


666184 


<4 


nd 


nd 


PW-mitogen- 


20 


6411119 


<4 


nd 


nd 


L. culinaris** 


20 


954148 


<4 


nd 


nd 


H. pomatia- 


20 


5911127 


<4 


nd 


nd 


P. vulgaris" 


20 


13781110 


4.812.3 


nd 


nd 


G. max" 


20 


1529165 


3.116.9 


nd 


nd 


A. hypogea" 


20 


12761242 


<4 


nd 


nd 


U, europeus" 


20 


1583194 


<4 


nd 


nd 



35 



• The reciprocal of the antiserum dilution that gave on ELISA reading of 0.5 after 45 min 
at 37C. Each value represents the mean of 5 mice t1 standard, deviation. 
•* Each lectin was substituted with 4 DNP groups 
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H III 

^ [II He Ser Met Lys- ^ 

^ LIB coding sequence ATC AGT ATG A AA GCTT 

121 122 

Size - 573 bp 

10 This fragment was ligated into the vector pUCl3 (Messing. 1983) after Hind III digestion and 
phosphatase treatment of the plasmid using standard conditions. This served to place the remaining 
polylinker region of pUC13. including a Pstl. Sail, Xbal. BamHI, Smal. SstI and EcoRI sites downstream of 
the LTB sequence containing DNA insert. 

;5 2. Creation of Synthetic LHRH Coding Oligonucleotides 

Two oligonucleotides, of 30 bases in length, with sequences described in A and B below, were 
designed to form overlapping hybrid duplexes, as shown in C, which result in a duplex which will encode 
linear end to end repeats of the 10 amino acids encoding the peptide hormone LHRH (Schally and Coy, 
20 1983). Role of Peptides and Proteins in Control of Reproduction, McCann and Dhlndsa eds, Elsevier 
Science Publishing Co, Inc. pp 89-110). In this sequence, glutamic acid replaces the normal N-terminal 
pyroglutamic acid. 

A, 5* GAG CAC TGG TCC TAC GGC CTT CGA CCC GGG 3* 

B, 5' GTA GGA CCA GTG CTC CCC GGG TCG AAG GCC 3* 
25 C. 



30 



J ■ ^ 1 L 



1 1 » 8 



etc. 

The oligonucleotides were annealed together for 1 hr at 40'C in 50 mf^^ NaCI , 10 mM Tris pH 7.5, end 
filled with Klenow, and then the mixture was ligated Into Smal cut Ml 3 mp18, using standard procedures. 
35 Ml 3 phage containing inserts were isolated, and the DNA sequences of the inserts were determined by the 
dideoxy technique. One recombinant, designated as P29, was chosen for the fused construct. Its DNA 
sequence, together with the amino acids it encodes, in the region of the insert at the Smal site is given 
below. 
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TABLE 3.3 

Carrier potential of 987P for various antigens 

Immune Response* 



Immunogen Molar Oose 



Antigen 



Carri er 







Ratio 




Serum IgG 


Int IgA 


Cn r 1 im T 

JC 1 Ulll 1 ^Vj 


T n f T n ii 


JO 


987P 






20 


<4 


<4 


891 +7fi 


c / . 0+ 1 J . D 




987P 






100 


<4 


<4 




0'*+cO . / 




8SA-987P 


1 


:4 


20 


<4 


<4 


0 . 0 


H 


ID 


BSA-987P 


1 


5 


500 


<4 


<4 




<Z1 




BSA-987P 


1 


10 


soo 


29 fl+7 4 


. u + c . c 


o/b+i 10 


</i 




BSA-987P 


1 


20 


500 


306+88 


122+47.6 


4263+408 


194+38.6 


20 


BSA-987P 


1 


40 


500 


124+47 


1 10+38.4 


4705+521 


156+55 




Flag-987P 


1 


5 


20 


1552+361 


<4 








LPS-987P 


1 : 


1** 


20 


<4 


<4 


194+28.6 


<4 




PS-987P 


1 ; 




20 


<4 


<4 


337+96 


5.2+5.8 


25 


BSA 






20 


<4 


<4 








Flagellae 






20 


<4 


<4 








LPS 






20 


12.1+2.7 


<4 






30 


PS 






20 


<4 


4.2+0.4 







35 



See Table 3.1 

Ratio based on weight. 



TABLE 3.4 
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' See Table 2.1 



Effects of altering dosage of substituted carrier on the immune response 


Antigen 


Dose (ug) 


Immune Response (Serum IgG)" 


Anti-BSA 


Anti-Carrier 


BSAO.03.K99 


70 


13.9i4,4 


776±148 


BSAO.03.K99 


140 


36.7±14.6 


1782±174 


BSAO.03.K99 


280 


73.5±22.1 


1989±215 


BSAO.05.987P 


70 


36±2,6 


8911109 


BSAO.05.987P 


140 


168±23.7 


1552±176 


BSAO.05.987P 


280 


337±43.7 


2042±180 



55 
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4. Construction of expression plasmid K66 and expression strain BTA1185 

A 573 bp Eco Rl fragment of the pUC13 LTB-LHRH fusion plasmid described in 3, which contains the 
LTB-LHRH fusion coding region in its entirity, was isolated from an agarose gel and ligated into Eco Rl cut, 
5 phosphatased expression vector pKK223-3 (from Pharmacia). The resultant expression plasmid PBTA K66, 
placed the expression of the fusion protein under the control of the tac promoter, where expression is 
induced with IPTG. The plasmid was transformed into E. coji host strain JM101 (SupE, thi, (lac-pro AB) [P 
traD36. pro AB lad*' 2 M 15) to give the host vector expression system BTA1 185. 

10 5. Production and Purification of LTB/LHRH Fusion Protein for Animal Trials . 

The LTB(LHRH)3.5 producing strain was grown as described previously. After induction with IPTG for 2 
h bacteria were pelleted by centrifugation (3.000 x g, 10 min at 4'C). Bacteria were then resuspended in 
dH20 and lysed in a French Press. After removal of the bacterial debris by centrifugation (18.000 x g. 10 
;5 min. at 4'C) the supernatant was loaded onto an agthio-galactose column (Sigma). The fusion protein was 
then eluted with 0.5M galactose and dialysed against 0.1 M carb/bicarb buffer pH 9.5. 

Antigen adminstration and measurement of the immune response 

20 All oral presentation procedures, antibody collections and ELISA determinations were as described 
previously, 

RESULTS 

25 Demonstration of the carrier potential of the mucosal immunogens 

All of the mucosal immunogens tested showed the capacity to effectively transport the covalently 
attached hapten DNP across the intestinal mucosa and to elicit a serum anti-DNP Ab response after feeding 
of the dinitrophenylated-MI. DNP-modified BSA. however was completely ineffective in eliciting an anti-DNP 

30 or anti-BSA response when fed at the concentrations tested (Table 3.1). Initial experiments in which K99 
and 987P were complexed to much larger molecules than DNP were unsuccessful in generating immune 
responses to either the mucosal immunogen or to the molecule coupled to it (Tables 3.2 & 3.2), possibly 
due to steric interference in the binding of the pill to the mucosal epithelium. It was therefore decided to 
vary the ratio of antigen to Ml. When various ratios of BSA:pili were tested, it was found that when ratios of 

35 greater than 1:20 BSA:pili were fed it was not possible to generate either anti-BSA or anti-pili responses 
even with a dose of 500 ug, demonstrating that it was not possible for the complexes to effectively 
associate with ther mucosal epithelium and to therefore generate an immune response. However when 
ratios of 1 :20 or 1 :40 were employed good responses to both BSA and to plli were observed (Tables 3.2 & 
3.3). The magnitude of the immune response was readily varied by altering the doses of complex fed 

40 (Table 3.4). 

Oral administration of LHRH coupled to LTB lead to a significant reduction in the combined uterine and 
ovarian weights of female mice receiving either 20 or 50 ug LHRH-LTB (P 0.05) (Table 3.5,3.6). No such 
weight loss was seen with either LHRH or LTB fed alone or together or to intramuscular injection of LHRH- 
B-galactosidase. LHRH-LTB, or free LHRH. The effect of the weight loss was also seen developmentally as 
45 there was a complete absence of mature follicules in the ovaries, thus, the animals were effectively 
"castrated". There was a slight reduction in reproductive tract weights when mice were fed the genetically 
constructed LTB-(LHRH)3,5 fusion protein (Table 3.6) but in this experiment, the reduction was not 
significant at the doses tried. 

50 EXAMPLE 4 

Induction of cell-mediated immunity after oral administration of antigen 

Feeding of mucosal immunogens was shown to be effective in eliciting humoral responses as measured 
55 by the production of serum and intestinal antibodies. It was not known, however whether there was a 
concomitant stimulation of a cell mediated immune (CMI) response to the mucosal immunogens. 

The following study was designed to compare the CMI generated by oral presentation of a mucosal 
immunogen with that generated by classic subcutaneous (s.c.) injection of antigen in Complete Freund's 
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A complex according to claim 4, wherein the allergen is derived from grass pollen, weed pollen, tree 
pollen, plant pollen, cat hair, dog hair, pig hair or other epithelia. or house dust, wheat chaff or kapok. 

A complex according to claim 1 or 2, wherein the immunogen is a surface protein derived from an 
influenza, measles, Rubella, smallpox, yellow fever, diphtheria, tetanus, cholera, plague. Typhus or BCG 
causing agent. Haemophilus influenza . Neisseria catarrhalis , Klebsiella pneumoniae , a pneumococcus 
or a Streptococcus : or a pilus derived from E. coli, N. gonorrheae , N. meningitidis , N. catarrhalis . a 
Yersinia species, Pseudomonas aeruginosa , a Pseudomonas species, Moraxella bovis . Bacteroides 
nodosus . a Staphylocci species, a Streptococci species or a Bordetella species. 

7, A complex according to claim 1 or 2, wherein the immunogen is a surface polysaccharide derived from 
a diphtheria, tetanus, cholera, plague, Typhus or BCG causing agent, Haemophilus influenza . Neisseria 
catarrhalis , Klebsiella pneumoniae , a pneumococcus or a Streptococcus. 

/5 8. A complex according to claim 1 or 2, wherein the immunogen is a secretory product derived from a 
diphtheria, tetanus, cholera, plague. Typhus or BCG causing agent, Haemophilus influenza , Neisseria 
catarrhalis , Klebsiella pneumoniae , a Pneumococcus or a Streptococcus . 

9. A complex according to any one of claims 6 to 8, wherein the surface protein, surface polysaccharide 
20 or secretory product is derived from Streptococcus mutans . 

10. A complex according to claim 1, wherein the carrier molecule is the heat labile toxin of enterotoxigenic 
E. coli. 

25 11. A complex according to claim 1, wherein the bacterial adhesin is the K99 or 987P pilus of E. coli . 

12. A complex according to claim 1. wherein the bacterial adhesin is CFAI, CFAII, K88 or F41. 

13. A complex according to claim 1. wherein the lectin is Concanavalin A, Pokeweed mitogen or the lectin 
30 from Lens culinaris . Helix pomatia . Glycine max , Arachis hypogea , or Ulex europeus , 

14. A complex according to claim 1. wherein the lectin is Abrin. Asparagus pea. Broad bean, CamePs foot 
tree, Caster bean, Fava bean, Green marine algae, Hairy vetch, Horsegram, Horseshoe crab, Jack 
bean, Japanese wisteria, Jequirity bean, Scotch laburnum. Lima bean, Limulin, Lotus, European 

35 mistletoe, Mung bean, Osage orange, Pagoda tree, Garden pea. Potato. Red Kidney bean. Red marine 
algae, Siberian pea tree, edible snail, garden snail, Spindle tree. Sweet pea. Tomato, Wheat germ or 
Winged pea lectin. 

15. A complex according to claim 1, wherein the viral haemagglutinin is a haemagglutinin derived from 
40 influenza, measles. Rubella, smallpox or yellow fever virus. 

16. A complex according to any one of claims 1 to 3, wherein the immunogen is all. part, an analogue, 
homologue, derivative or combination thereof, of luteinizing hormone releasing hormone and the carrier 
molecule is all. part, an analogue, homologue, derivative or combination thereof, of LTB. 

45 

17. A process for the production of a complex according to any one of claims 1 to 16, which process 
comprises: 

(a) reacting the immunogen with the carrier molecule to form said complex; 

(b) chemically modifying the immunogen to provide at least one functional group capable of forming 
50 a chemical linkage, and reacting the immunogen and carrier molecule to form said complex; 

(c) chemically modifying the carrier molecule to provide at least one functional group capable of 
forming a chemical linkage, and reacting the immunogen and carrier molecule to form said complex; 

(d) chemically modifying the immunogen and the carrier molecule to provide functional groups 
capable of forming a chemical linkage, and reacting the immunogen and carrier molecule to form 

55 said complex; 

(e) reacting the immunogen with at least one linking agent, and reacting the immunogen and carrier 
molecule to form said complex; 
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homologue. derivative or combination thereof, of a bacterial adhesin, a viral haemagglutinin, a toxin, or 
a binding subunit of a tonix, or a lectin, but not including a DNA molecule coding for an immunogen 
carrier complex wherein the immunogen is naturally linked to the carrier molecule. 

5 30, A recombinant DNA molecule according to claim 29 also comprising vector DNA. 

31. A recombinant DNA molecule according to claim 30, wherein the vector DNA is selected from plasmid, 
viral, bacteriophage, or cosmid DNA, 

70 32. A recombinant DNA molecule according to claim 29. wherein the DNA sequence acts as a coding 
sequence for an antigen or hapten fused to the amino acid sequence of the carrier molecule. 

33. A recombinent DNA molecule according to claim 29, wherein the DNA sequence acts as a coding 
sequence for all, part, an analogue, homologue, derivative of LHRH fused to the amino acid sequence 

/5 of the carrier molecule, 

34. A medicament which comprises an immunogen suitable for vaccination purposes linked to a carrier 
molecule capable of specifically binding to the epithelial mucosa of a vertebrate host, wherein both the 
immunological activity of the immunogen and the capacity of the carrier to bind specifically to the 

20 mucosal epithelium is substantially maintained, and the carrier molecule is an epithelial mucosal 
binding molecule selected from all. a part, an analogue, a homologue, a derivative or combination 
thereof, of a bacterial adhesin, viral haemagglutinin, a toxin, or a binding subunit of a toxin, or a lectin, 
together with a pharmaceutically acceptable carrier or diluent but not including immunogen-carrier 
complexes wherein the immunogen is naturally linked to the carrier molecule. 

25 

35. A medicament according to claim 34. adapted for oral administration. 

36. A medicament according to claim 34, adapted for nasal administration. 

30 37, A medicament according to any one of claims 34 to 36, wherein said medicament is in capsule, tablet, 
slow release, elixir, gel, paste or nasal spray form. 

38. A medicament according to any one of claims 34 to 37. which additionally comprises a dietary 
molecule to selectively modulate the magnitude and/or type of immune response to the immunogen of 

35 the medicament. 

39. A medicament according to claim 38, wherein the dietary molecule is selected from amino acids, 
vitamins, monosaccharides and oligosaccharides. 

40 40. A medicament according to claim 38 or claim 39. wherein the dietary molecule is selected from vitamin 
A. vitamin Bi, vitamin B2 . vitamin Be, vitamin B12. vitamin C, vitamin D, vitamin E. fructose, lactose, 
mannose. melibiose, sorbitol or xylose. 

PatentansprUche 

45 

1. Komplex, 

dadurch gekennzelchnet, 

daB er ein fOr Impfzwecke geeignetes Immunogen umfaGt, das an ein TrSgermolekUl gebunden ist, 
welches zur-spezifischen Bindung an die epitheliale Schleimhaut eines Wirbeltierwirts geeignet ist, 

50 worin sowohl die immunologische AktivitSt des Immunogens als auch die Eignung des Tr^gers, 
spezifisch an das Schleimhautepithel zu binden, im wesentlichen erhalten bleibt. und das TrSgermole- 
kUI ein zur Bindung an das Schleimhautepithel geeignetes MolekUl ist, ausgewShlt aus dem Ganzen, 
einem Teil, einem Analogon, einem Homologen, einem Derivat oder einer Kombination hiervon eines 
bakteriellen Adhesins, eines viralen HSmagglutinins, eines Toxins oder einer Bindungsuntereinheit eines 

55 Toxins Oder eines Lectins, wobei jedoch Immunogen-TrSgerkomplexe ausgenommen sind, worin das 
Immunogen natUrlicherweise an das TrSgermolekOI gebunden ist. 
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eine Kombinatin hiervon von LT8 ist. 

17. Verfahren zur Herstellung eines Komplexes nach einem der AnsprOche 1 bis 16, wobei das Verfahren 
die folgenden Schritte aufweist: 

(a) Umsetzung des Immunogens mit dem TrSgermolekOl, um den Komplex zu bilden; 

(b) chemische Modifikation des Immunogens, um wenigstens eine funktionelle Gruppe bereitzustel- 
len, die in der Lage ist, eine chemische Bindung auszubilden, und Umsetzung des Immunogens und 
des TrSgermolekOls, um den Komplex zu bilden; 

(c) chemische Modifikation des TrSgermolekOls, um wenigstens eine funktionelle Gruppe bereitzu- 
stellen. die in der Lage ist, eine chemische Bindung auszubilden, und Umsetzung des Immunogens 
und des TrMgermolekOls, um den Komplex auszubilden; 

(d) chemische Modifikation des Immunogens und des TrSgermolekUls, um funktionelle Gruppen 
bereitzustellen, die in der Lage sind, eine chemische Bindung auszubilden, und Umsetzung des 
Immunogens und des TragermolekUls, um den Komplex auszubilden; 

(e) Umsetzung des Immunogens mit wenigstens einem Bindungsmittel, und Umsetzung des Immu- 
nogens und des TrSgermolekUls, um den Komplex auszubilden; 

(f) Umsetzung des TrSgermolekOls mit wenigstens einem Bindungsmittel, und Umsetzung des 
Immunogens und des TrSgermolekOls, um den Komplex auszubilden: 

(g) Umsetzung des Immunogens und des TrSgermolekOls mit wenigstens einem Bindungsmittel, und 
Umsetzung des Immunogens und des TrSgermolekUls. um den Komplex auszubilden; oder 

(h) eine Kombination aus einem der oben genannten Verfahrensschritte, 

18. Verfahren zur Herstellung eines Komplexes nach einem der AnsprOche 1 bis 3, wobei das Verfahren 
die nachfolgenden Verfahrensschritte aufweist: 

Bereitstellen eines rekombinanten DNA-MolekOts, das eine erste DNA-Sequenz aufweist, die bei 
Expression fOr die AminosSuresequenz des Immunogens codiertl eine zweite DNA-Sequenz, die bei 
Expression fOr die AminosSuresequenz des TrSgermolekOls codiert und eine Vektor-DNA; Transforma- 
tion eines Wirts mit dem rekombinanten DNA-MolekOI. so daS der Wirt in der Lage ist, ein Hybrid- 
Proteinprodukt zu exprimieren, das den Komplex umfaflt; Kultivierung des Wirts. um die Expression zu 
erhalten und Sammein des Hybrid-Proteinprodukts. 

19- Verfahren zur Herstellung eines Komplexes nach einem der AnprOche 1 bis 16, wobei das Verfahren 
die nachfolgenden Verfahrensschritte aufweist: 

(a) chemische Synthese des Immunogens und/oder des TrSgermolekOls und Ausbildung des 
Komplexes durch Reaktionen nach dem Verfahren des Anspruchs 17; oder 

(b) Synthese eines Hybridpeptids. das AminosSuresequenzen des Immunogens und des TrSgermo- 
lekOls aufweist. 

20. Verfahren nach Anspruch 19, worin das Peptid durch Festphasen-, enzymatische oder manuelle 
Peptidsynthese hergestellt wird. 

21. Verfahren nach Anspruch 20, worin das synthetisierte Immunogen oder TrSgermolekOl an das TrSger- 
molekOl Oder Immunogen gekoppelt ist, wShrend es an ein Harz eines Festphasen-Peptidsyntheseap- 
parats gebunden ist. 

22. Verfahren nach einem der AnsprOche 19 bis 21, worin das Immunogen das Ganze, ein Toil, ein 
Analogon, ein Homologes, ein Derivat oder eine Kombination hiervon des Luteinisierungshormon- 
freisetzenden Hormons (LHRH) ist. 

23. Verfahren nach Anspruch 17, worin das TrSgermolekOl LTB und das Verbindungsmittel Isoglutaraldeh- 
yd ist. 

24. Komplex nach einem der AnsprOche 1 bis 3, hergestellt durch ein Verfahren nach einem der 
AnsprOche 17 bis 21. 

25. Expressionsprodukt eines transformierten Wirts, dessen Produkt einen Komplex nach einem der 
AnsprOche 1 bis 3 umfaBt. 
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38. Arzneimittel nach einem der AnsprOche 34 bis 37, das zusStzlich ern NahrungsmoIekOI aufweist, um die 
Gr5Genordnung und/oder die Art der Immunantwort auf das Immunogen des Arzneimittels selektiv zu 
modulleren, 

39. Arzneimittel nach Anspruch 38, wobei das NahrungsmolekGI aus AminosMuren, Vitaminen, Monosac- 
chariden und Oligosacchariden ausgewahit wird. 

40. Arzneimittel nach Anspruch 38 oder Anspruch 39. worin das NahrungsmoIekOI ausgewMhIt wird aus 
Vitamin A. Vitamin Bi, Vitamin B2, Vitamin Be, Vitamin B12, Vitamin C, Vitamin D, Vitamin E, Fructose, 
Lactose, Mannose. Melibiose. Sorbitol oder Xylose. 

Revendlcations 

1. Complexe caract^ris4 en ce qu'il comprend un immunog^ne vaccinal li^ h une molecule porteuse 
capable de se fixer de mani^re sp^cifique ^ la muqueuse 6pith6liale d'un hote vert^br^. dans lequel 
{'activity immunologique de Timmunog^ne et la capacity du porteur h se fixer de mani^re sp^cifique k 
la muqueuse ^pith^liale sont toutes deux essentiellement conserv^es, la molecule porteuse 6tant une 
molecule capable de se fixer la muqueuse dpith^liale et choisie parmi la molecule enti^re. une partie, 
un analogue, un homologue. un d^riv^ ou une combinaison de ces derniers, d'une adh^sine bact^rien- 
ne, d'une h^magglutinine virale, d'une toxine, ou d'une sous-unit^ de fixation de toxine ou de lectine; 
complexe ne comprenant pas les complexes immunog^ne-porteur dans lesquels Timmunog^ne est \\6 
k la molecule porteuse h T^tat naturel. 

2. Complexe selon la revendication 1. dans lequel ledit immunogdne est choisi parmi un antig^ne ou un 
hapt^ne, ou la molecule enti^re, une partie ou plusieurs, un analogue, un homologue. un d6riv^ ou une 
combinaison de ces derniers, d'une hormone, ou d'un agent th^rapeutique. 

3. Complexe selon la revendication 2. dans lequel Timmunogfene est constitu^ de la molecule enti^re, 
d'une partie, d'un analogue, d'un homologue, d'un d^riv^ ou d'une combinaison de ces derniers, d'une 
hormone choisie parmi FSH, HGH, LHRH ou Tinhibine. 

4. Complexe selon la revendication 1 ou 2, dans lequel I'immunogfene est un allergfene. 

5. Complexe selon la revendication 4, dans lequel I'allerg^ne est d^riv^ du pollen des gramin^es, du 
pollen des mauvaises herbes, du pollen des arbres. du pollen des plantes, du poll de chat, du poll de 
chien. du poil de pore ou autres tissus ^pith^liaux, ou la poussi^re mdnag&re, la bade de bl^ ou le 
kapokier. 

6. Complexe selon la revendication 1 ou 2, dans lequel I'immunogfene est une prot^ine de surface ddriv6e 
de I'agent ^tiologique de la grippe, de la rougeole, de la rulD^ole, de la variole, de la fifevre jaune, de la 
dipht^rie, du t^tanos, du cholera, de la peste, du typhus, ou du BCG, Haemophilus influenza. Neisseria 
catarrhalis. Klebsiella pneumoniae, un pneumocoque, ou un Streptocoque ; ou une fimbriae d^riv^e d'E. 
coli. N. gonorrhea N. meningitidis. N. catarrhalis. une esp^ce de Yersinia. Pseudomonas aeroginosa. 
une esp^ce de Pseudomonas, Moraxella bovis, Bacteroides nodosus. une espfece de Statphylocoques. 
une esp^ce de Streptocoques ou une espdce de Bordetella. 

7. Complexe selon la revendication 1 ou 2, dans lequel I'immunog^ne est un polysaccharide de surface 
d^riv^ de I'agent ^tiologique de la dipht^rie, du t^tanos, du cholera, de la peste, du typhus, ou du BCG, 
Haemophilus influenza. Neisseria catarrhalis, Klebsiella pneumoniae, un pneumocoque. ou un Strepto- 
coque. 

8. Complexe selon la revendication 1 ou 2, dans lequel Timmunog^ne est un produit s^cr^toire d^riv^ de 
I'agent ^tiologique de la dipht^rie, du t^tanos, du cholera, de la peste, du typhus ou du BCG. 
Haemophilus influenza. Neisseria catarrhalis. Klebsiella pneumoniae, un pneumocoque, ou un Strepto- 
coque . 

9. Complexe selon I'une quelconque des revendlcations 6^8 dans lequel la prot^ine de surface, le 
polysaccharide de surface ou le produit s4cr4toire sont d^riv^s de Streptococcus mutans . 
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19. Proc^d^ pour la production d'un complexe selon Tune quelconque des revendications 1^16, lequel 
proc^d^ consistant ^ 

(a) synth^tiser par voie chimique Timmunogdne et/ou la molecule porteuse. et h g^n^rer le 
complexe au moyen des reactions du proc^d^ selon ta revendication 17; ou ^ 
5 (b) synth^tiser un peptide hybride comportant la sequence d'acides amines de rimmunog^ne et 

celle de la molecule porteuse. 

20. Proc^d^ selon la revendication 19, dans lequel on prepare le peptide par synthase peptidique 
enzymatique, manuelle ou sur phase solide. 

70 

21. Proc^d^ selon la revendication 20. dans lequel on couple Timmunogfene synth^tis6 ou la molecule 
porteuse apr^s fixation sur la r^sine de la phase solide du synth^tiseur peptidique h la molecule 
porteuse ou ^ rimmunog^ne respectivement. 

15 22. Proc^d^ selon I'une quelconque des revendications 19 Ji 21. dans lequel Timmunog^ne est la molecule 
enti^re, une partie, un analogue, un homologue, un d^riv^ ou une combinaison de ces derniers. de la 
lut^ostimuline (LHRH). 

23. Proc^d4 selon la revendication 17. dans lequel la molecule porteuse est LTB et I'agent r^ticulant est 
20 risoglutarald^hyde. 

24. Complexe selon Tune quelconque des revendications 1 k 3, fabriqu^ par un proc^d6 selon Tune 
quelconque des revendications 17 ^ 21. 

25 25. Produit d'expression d'un hdte transform^: lequel produit comprenant un complexe selon I'une 
quelconque des revendications 1 Ji 3. 

26. H6te transform^ avec une molecule d'ADN recombinant comportant une premiere sequence d'ADN qui 
lors de son expression code pour les sequences d'acides amines d*un immunogfene vaccinal et une 

30 seconde sequence d'ADN qui lors de son expression code pour la sequence d'acides amines d'une 
molecule porteuse capable de se lier la muqueuse 6pith^liale. laquelle molecule porteuse ^tant une 
molecule capable de se lier h la muqueuse ^pith^liale et choisie parmi la molecule entifere. une partie, 
un analogue, un homologue. un d^riv^ ou une combinaison de ces demiers. d'une adh^sine bact^rien- 
ne, d'une h^magglutinine virale, d'une toxine, ou d'une sous-unit6 de fixation d'une toxine, ou d'une 

35 lectine. h6te dans lequel Timmunogfene et la molecule porteuse g^n&rent un polypeptide de fusion; 
molecule ne comprenant pas une molecule d'ADN codant pour un complexe immunogfene-porteur dans 
lequel I'immunog^ne est \\6 h la molecule porteuse h I'^tat naturel. 

27. H6te transform^ selon la revendication 26, dans lequel I'hdte est une bact^rie Gram negative, Gram 
40 positive, une levure, une moisissure. ou une cellule eucaryote sup^rieure. 

28. Hote transform^ selon la revendication 26 ou la revendication 27. dans lequel I'hote est E. coli. 

29. Molecule d'ADN recombinant comprenant une sequence d'ADN qui lors de son expression code pour 
45 un polypeptide de fusion qui comporte la sequence d'acides amines d'un immunog^ne vaccinal, et la 

sequence d'acides amines d'une molecule porteuse capable de se lier k la muqueuse ^pith^liale, 
laquelle molecule porteuse 6tant une molecule capable de se fixer k la muqueuse 6pith6liale et choisie 
parmi la molecule enti^re, une partie, un analogue, un homologue, un d^riv^ ou une combinaison de 
ces derniers, d'une adh^sine bact^rienne. d'une h^magglutinine virale. d'une toxine. ou d'une sous- 
50 unit4 de liaison d'une toxine, ou d'une lectine, molecule ne comprenant pas une molecule d'ADN 
codant pour un complexe immunog^ne-porteur dans lequel I'immunog^ne est \\6 h la molecule 
porteuse h I'^tat naturel. 

30. Molecule d'ADN recombinant selon la revendication 29 comprenant en outre un vecteur d'ADN. 

55 

31. Molecule d'ADN recombinant selon la revendication 30, dans laquelle le vecteur d'ADN est choisi parmi 
un ADN plasmidique, viral, de bacteriophage ou de cosmide. 
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1 5 10 

Type 1 Ala-AU-Thr-Thr-Val-Asn-Gly-Gly-Thr-Val-Hls-Phe-Lys-Gly- 
K88 Trp-Het-Thr-Gly-Asp-Phe-Asn-Gly-Ser-Val-Asp-Ile-Gly-Gly- 
K99 Asn-Thr-Gly-The-Ile-Asn-Phe-Asn-Gly-Lys-Ile-Thr-Ser-AIa- 
987P Al a-Pro-Val -Gl u-Asn-Asn-Thr-Cys-Gl n-Al a-Asn-Leu-Asp-Phe- 

Nelsserla Phe-Thr-Leu-Ile-Glu-Leu-Het-Ile-Val-Ile-Ala-Ile-Val-Gly- 

15 20 25 

Type 1 Glu-Val-Val-Asn-Ala-Ala- 
K88 Ser-Ile-Thr-Ala-Asp-Asp-Tyr-Arg- 
K99 Thr-Cys-Thr-I 1 e-GI u-Pro-GI u-Al a- 

987P Thr-Gly-Lys-Val-Thr-Ala- x -Leu- 

Ne I sserl a II e-Leu-Al a-Al a-Val -Al a-Leu-Pro- 



Flg.l 



N-termlnal amino acid sequence of the 987P pllln subunit. The 
N-terralnal sequences of other pilln proteins are given for 
comparison. 
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TREATMENT OF H. PVLOW ASSOCIATED GASTRODUODENAL DISEASE 

FIELD OF THE INVENTION 

This invention relates to the treatment of gastroduodenal disease 
associated with Helicobacter pylori infection and in particular it relates to the use 
of active immunisation as a treatment for H, pylori -associated gastroduodenal 
disease. 

BACKGROUND OF THE INVENTION 

The bacterium. Helicobacter pylori , is now well established as a major 
gastroduodenal pathogen, and more than 50% of the world population is infected 
with this organism which causes gastritis of varying severity. While no symptoms 
are apparent in a great proportion of infected persons, in a significant number of 
H pylori infected persons overt disease may result. The majority (95%) of 
duodenal ulcers are associated with H. pylori infection; a causal role is shown 
by treatment studies which indicate that if the organisms can be eradicated at the 
time of ulcer healing then the ulcers do not recur - in contrast to 80% recurrence 
rate at one year in those who remain infected with the organisms. Furthermore, 
up to 80% of gastric ulcers are thought to be H. pylori associated (Blaser, 1 992). 

There is now increasing evidence of the harmful consequence of long term 
H pylori infection. In countries such as China. Colombia and Japan the 
bacterium is picked up very early in life, and in these persons the gastritis slowly 
progresses until after 30-40 years of continual infection, severe gastric atrophy 
appears. Gastric atrophy is well documented as being the precursor lesion for 
gastric cancer, although the actual cancer that develops in an atrophied stomach 
is dependent on a myriad of other factors including diet. However, all the 
evidence to date would suggest that the cancer would not develop if it was 
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possible to remove the H. pylori infection at an early age before the atrophy had 
developed (Parsonnet et at. , 1991), 

There is no laboratory animal model of H. pylori infection that can be used 
5 for large scale assessment of new anti-H. pylori therapies. However, a 
Helicobacter felis mouse model of gastric Helicobacter infection has been 
developed that has proved extremely useful in the screening of the potential of 
new antimicrobial therapeutic regimens. H. felis is a spiral shaped bacterium 
that is very closely related to K pylori . This bacterium colonises the stomach 

10 of mice in a very similar way to K pylori in the human, i.e. the main ecological 
niche is gastric mucus and the localisation of colonisation is antral dominant. In 
gennfree mice, H felis infection induces a gastritis that is very similar to the 
human H. pylori infection with a chronic inflammation accompanied by 
polymorphonuclear leucocyte infiltration. Infection with each organism results in 

15 the induction of a similar raised immune response against H. pylori and H. felis 
respectively (Lee et al. , 1990). 

The H, felis mouse model has proved to be very predictive of the efficacy 
of anti-H. pylori agents in humans. Thus, monotherapy with agents with high in 

20 vitro activity such as erythromycin show no significant in vivo effect against H. 
felis in mice, just as erythromycin has no anti-H. pylori effect in humans despite 
high antimicrobial effects in vitro. In contrast, the triple therapy regimens of a 
bismuth compound, metronidazole, and tetracycline or amoxycillin lead to a very 
high eradication rate in H. felis infected mice (Dick-Hegedus and Lee, 1991). 

25 Such triple therapies are the most successful human anti-H. pylori regimens, and 
at the present time are recommended as the first choice for anti-H. pylori 
therapy. However, established Helicobacter infections are difficult to treat, and 
current chemotherapeutic regimens remain suboptimal due to problems with 
efficacy, toxicity, drug resistance and reinfection (O'Connor. 1992). 

30 

Active immunisation of already infected patients has not been proven 
efficacious for any clinically manifest human infectious disease (Burke. 1992). 
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Given that H. pylori infections persist for long periods, if not the life of the 
infected individual, despite the presence of a vigorous immune response that 
includes a high level of circulating IgG antibody in the serum and the 
demonstration of local specific IgA antibody in the gastric mucosa, it has been 
5 considered that active immunisation was unlikely to be effective in therapy 
(Goodwin. 1993). Indeed, Czinn a/. (1993) in proposing that oral vaccination 
may be a feasible approach for the prevention of H. pylori infection in humans 
(based on an evaluation of an oral immunisation protocol in the H, felis mouse 
model), suggested that once infection is established neither antibody nor 
10 antibiotics are very effective at eradication, 

Varga et al. (1992) have reported that a H. pylori vaccine prepared from 
organisms derived from a patient, and injected parenterally into that patient, 
resulted in an allergic reaction and failure to eradicate the organism. 

15 

Surprisingly, it has now been discovered for the first time that there is 
indeed a therapeutic potential for active immunisation against gastric Helicobacter 
infection. Furthermore, it has been discovered that oral administration of H. pylori 
antigen, with a suitable mucosal adjuvant, does not result in allergic or 
20 hypersensitivity symptoms, but results in suppression or eradication of the 
infecting organisms from the gastric mucosa. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is provided a 
method for the treatment of Helicobacter infection in a mammalian host, which 
comprises the oral administration to said infected host of an immunologically 
effective amount of one or more He/Zcobacter antigen(s), optionally in association 
with a mucosal adjuvant. 



25 



30 



In another aspect, there is provided a vaccine composition for the 
treatment of Helicobacter infection in a mammalian host, which comprises an 
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immunologically effective amount of one or more Helicobacter antigen(s), 
optionally in association with a nnucosal adjuvant. 

In yet another aspect, the present invention provides the use of a vaccine 
5 composition comprising an immunologically effective amount of one or more 
Helicobacter antigen(s), optionally in association with a mucosal adjuvant, in the 
treatment of Helicobacter infection in a mammalian host. 

Throughout this specification and the claims which follow, unless the 
10 context requires othen/vise, the word "comprise", or variations such as 
"comprises" or "comprising", will be understood to imply the inclusion of a stated 
integer or group of integers but not the exclusion of any other integer or group of 
integers. 

15 By use of the term "immunologically effective amount" herein, it is meant 

that the administration of that amount to an individual infected host, either in a 
single dose or as part of a series, is effective for treatment of Helicobacter 
infection. This amount varies depending upon the health and physical condition 
of the individual to be treated, the taxonomic group of individual to be treated, the 

20 capacity of the individuaFs immune system to synthesise antibodies, the degree 
of protection desired, the formulation of the vaccine, the assessment of the 
medical situation, and other relevant factors. It is expected that the amount will 
fall in a relatively broad range that can be determined through routine trials. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The Helicobacter ar\\\gen{s) used in accordance with the present invention 
may be H. felis antigen(s), or more preferably H. pylori antigen(s). In a 
particularly preferred aspect of the present invention, a vaccine composition 
comprising H. pylori antigen(s) in association with a mucosal adjuvant is used 

30 in the treatment of H. pylori infection in a human patient. 
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Preferably, the Helicobacter ar\l\ger\(s) comprise a bacterial sonicate, and 
in particular a K pylori sonicate. More preferably, the Helicobacter antigen(s) 
used in accordance with the present invention comprise inactivated whole 
bacterial cells of K pylori . 

5 

Alternatively, the Helicobacter antigen(s) used in accordance with the 
present invention may comprise one or more individual antigens, particularly one 
or more H. pylori antigens such as H. pylori urease, or H. pylori cytotoxin (CT), 
Cytotoxin Associated Immunodominant (CAI) antigen or heat shock protein (hsp) 
10 as disclosed by way of example in International Patent Publication No. WO 
93/18150. 

One mucosal adjuvant which is optionally, and preferably, administered 
with the Helicobacter antigen(s) to the infected host is cholera toxin. Another 

15 preferred mucosal adjuvant which may be administered with the Helicobacter 
antigen(s) is E.coli heat labile toxin (Ecoli HLT). Mucosal adjuvants other than 
cholera toxin and Ecoli HLT which may be used in accordance with the present 
invention include non-toxic derivatives of cholera toxin, such as the B sub-unit 
(CTB), chemically modified cholera toxin, or related proteins produced by 

20 modification of the cholera toxin amino acid sequence. Each of these molecules 
with mucosal adjuvant or delivery properties may be added to, or conjugated with, 
the Helicobacter antigen(s). Other compounds with mucosal adjuvant or delivery 
activity may be used, such as: bile; polycations such as DEAE-dextran and 
polyornithine; detergents such as sodium dodecyl benzene sulphate; lipid- 

25 conjugated materials; antibiotics such as streptomycin; vitamin A; and other 
compounds that alter the structural or functional integrity of mucosal surfaces. 
Other mucosally active compounds include derivatives of microbial structures 
such as MDP; acridine and cimetidine. 

30 Helicobacter antigen(s) may be delivered in accordance with this invention 

in ISCOMS (immune stimulating complexes), ISCOMS containing CTB, liposomes 
or encapsulated in compounds such as acrylates or poly(DL-lactide-co-glycoside) 
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to form microspheres of a size suited to adsorption by M cells. Alternatively, 
micro or nanoparticles may be covalently attached to molecules such as vitamin 
B12 which have specific gut receptors. Antigen(s) may also be incorporated into 
oily emulsions and delivered orally. An extensive though not exhaustive list of 
5 adjuvants can be found in Cox and Coulter, 1992. 

Other adjuvants, as well as conventional pharmaceutically acceptable 
carriers, exctpients, buffers or diluents, may also be included in the therapeutic 
vaccine composition of this invention. The vaccine composition may, for 
10 example, be formulated in enteric coated gelatine capsules Including sodium 
bicarbonate buffers together with the Helicobacter antigen(s) and mucosal 
adjuvant. 

Generally, a vaccine composition in accordance with the present invention 
15 will comprise an immunologically effective amount of Helicobacter ant\gen{s), and 
optionally a mucosal adjuvant, in conjunction with one or more conventional 
phamiaceutically acceptable carriers and/or diluents. As used herein 
"pharmaceutically acceptable carriers and/or diluents" include any and all 
solvents, dispersion media, aqueous solutions, coatings, antibacterial and 
20 antifungal agents, isotonic and absorption delaying agents and the like. The use 
of such media and agents for pharmaceutical active substances is well known in 
the art and is described by way of example in Remington's Pharmaceutical 
Sciences, 18th Edition, 1990, Mack Publishing Company, Pennsylvania, U.S.A.. 

25 The pharmaceutical composition of this invention may be orally 

administered directly to the mammalian host, for example, with an inert diluent or 
with an assimilable edible carrier, or it may be enclosed in hard or soft shell 
gelatine capsule, or it may be compressed into tablets, or it may be incorporated 
directly with the solid or liquid food of the diet. For oral therapeutic 

30 administration, the active compound may be incorporated with excipients and 
used in the form of Ingestible tablets, buccal tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like. The percentage of active component 
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in the compositions and preparations may of course be varied and is such that 
a suitable dosage will be obtained to be immunologically effective. 

Solid oral dosage units such as tablets, troches, pills, capsules and the like 
5 may also contain the following: a binder such as gum tragacanth, acacia, corn 
starch or gelatin; excipients such as dicalcium phosphate; a disintegrating agent 
such as corn starch, potato starch, alginic acid and the like; a lubricant such as 
magnesium stearate; and a sweetening agent such as sucrose, lactose or 
saccharin may be added or a flavouring agent such as peppermint, oil of 

10 wintergreen, or cherry flavouring. When the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a liquid carrier. Various other 
materials may be present as coatings or to othenft/ise modify the physical form of 
the dosage unit. For instance, tablets, pills or capsules may be coated with 
shellac, sugar or both. A syrup or elixir may contain the active component, 

15 sucrose as a sweetening agent, methyl and prophylparabens as preservatives, 
a dye and flavouring such as cherry or orange flavour. Of course, any material 
used in preparing any dosage unit form should be pharmaceutically pure and 
substantially non-toxic in the amounts employed. 

20 The vaccine composition of the invention is administered orally in amounts 

readily determined by persons of ordinary skill in this art. Thus, for adults a 
suitable dosage would be in the range of 10 //g to 10 g. for example 50 //g to 3g. 
Similar dosage ranges would be applicable for children. 

25 As noted above, a suitable mucosal adjuvant is cholera toxin. The amount 

of mucosal adjuvant employed depends on the type of mucosal adjuvant used. 
For example, when the mucosal adjuvant is cholera toxin, it is suitably used in an 
amount of 10 nanogram to 50 //g. for example 01 //g to 10 //g. When the 
mucosal adjuvant is Eco// heat labile toxin, suitable amounts are 1 A/g to 1 mg, 

30 for example 5 fig to 50 fig. 
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In work leading to the present invention, active immunisation of mice 
previously infected with H. felis . with oral doses of cholera toxin or Eco// HLT 
adjuvant and a whole cell H. felis or H. pylori sonicate, result in the clearance 
of H. felis from the gastric mucosa. It is therefore anticipated that active 
5 immunisation of infected humans with oral doses of a mucosal adjuvant with K 
pylori antigen{s) will result in the clearance of H. pylori from the gastric mucosa. 
Based on previous studies with this model using anti-H. pylori agents, it is 
considered that this is the first evidence of the therapeutic potential of active 
immunisation with K pylori vaccines, and indicates that a vaccine composition 
10 for the therapy of human K pylori -associated gastroduodenal disease is a 
preparation of Helicobacter antigen(s), optionally and preferably combined with 
a mucosal adjuvant. 

It will be apparent to persons skilled in the field that effective treatment of 
15 Helicobacter pylori infection in humans with an oral vaccine composition of 
He//co6acfer antigen(s) which will eradicate or suppress the infection will provide 
a significant therapeutic benefit via the suppression or elimination of gastritis, 
prevention of peptic ulcer relapse and reduction in the harmful sequelae of 
Helicobacter pylori infection including peptic ulceration and gastric cancer. 

20 

The present invention is further illustrated in the following, non-limiting 
Examples. 

EXAMPLE 1 

25 

One hundred and sixty female SPF mice from the Animal Breeding Unit of 
the University of New South Wales, Australia, were infected with four oral doses 
of 10*^.10'° living Helicobacter felis (ATCC culture 49179) given two days apart. 

30 Bacteria were grown in plastic Petri dishes on Blood Agar Base No.2, 3.8% 

w/v (Oxoid, Basingstoke, U.K.) with 7% v/v whole horse blood (Oxoid). containing 
amphotericin B (Fungizone, Squibb, Princeton, NJ., USA) 2.5 mg/l; trimethoprim 
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(Sigma, St.Louis, MO, USA). 10 mg/l. Plates were incubated in a microaerophiiic 
humid atmosphere (Oxoid, BR56) at 37^*0 for 48 hours. 

Sonicates were prepared by growth of the organisms, as described above, 
5 followed by harvesting of the organisms in 0.1 molar phosphate buffered saline 
(PBS). The cells were washed, collected by centrifugation, washed once in PBS, 
and resuspended in fresh PBS. The cells were then sonicated at the rate of one 
minute per ml of cell suspension (50% duty cycle) using a B-30 Branson Cell 
Disrupter. The sonicate was stored at -20"*C. 

10 

On days 28. 42. 44 and 47 after administration of the last infecting dose 
of H. felis , 20 of the mice were given orally 0.2 ml of a suspension containing 10 
//g of cholera toxin (Sigma C 3012) and a sonicate of H. felis containing 1 mg 
protein (BIO-RAD DC protein assay). 

15 

Samples of antral mucosa were tested for infection using a rapid microtitre 
urease test as described previously (Lee et a/. . 1990). This test has been 
validated as being highly predictive of K felis gastric infection. Groups of 40 
mice (20 vaccinates and 20 controls) were euthanased at intervals of 1 week, 1 
20 month, 2 months and 3 months after the last dose of vaccine. 

The results are shown in Table 1. 

These results show that treatment of HJelis infected mice with an oral 
25 vaccine comprised of Helicobacter antigens and a mucosal adjuvant, results in 
cure of the infection in a significant proportion of mice. This effect is evident 1 
week after cessation of therapy, and continues for at least 3 months, 
demonstrating that the mice have been cured of their infection. 
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TABLE 1 



Immunisation 


Proportion of H.felis infected mice 


1 week 


1 month 


2 months 


3 months 


Nil 


19/19 


20/20 


18/19 


13/19 


Sonicate plus CT 


2/20 


3/20 


6/20 


1/17 




P<0.0001* 


P<0.0001 


P<0.05 


P<0.0001 



Fisher's exact test (two tailed). 



EXAMPLE 2 

One hundred female BALB/c mice from the Animal Breeding Unit of the 
University of New South Wales, Australia, were Infected with 3 oral doses of 10^ 
5 living Helicobacter felis (ATCC culture 49179) given 2 days apart, i.e. days 1, 3 
and 5. 

Bacteria were grown in plastic Petri dishes on Blood Agar Base No. 2, 
3.8% w/v (Oxoid, Basingstoke, U.K.) with 7% v/v whole horse blood), (Oxoid), 
10 containing amphotericin B (Fungizone, Squibb, Princeton, N.J., USA) 2.5 mg/l; 
trimethoprim (Sigma, StLouis, MO, USA), 10 mg/I. Plates were incubated in a 
microaerophilic humid atmosphere (Oxoid, BR56) at 37°C for 48 hours. 

Sonicates were prepared by growth of the organisms, as described above, 
15 followed by harvesting of the organisms in 0.1 molar phosphate buffered saline 
(PBS). The cells were washed collected by centrifugation, washed once in PBS, 
and resuspended in fresh PBS. The cells were then sonicated at the rate of one 
per minute per ml of cell suspension (50% duty cycle) using a B-30 Branson Cell 
Disrupter. The sonicate was stored at -20''C. 

20 
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On days 21, 35, 37, and 40 after administration of the last infecting dose 
of K felis, 20 mice were each given orally 0.2 ml of a solution containing 10 ug 
of cholera toxin (Sigma C 3012), 20 mice were each given orally 0.2 ml of a 
suspension containing 10 ug of cholera toxin and a sonicate of H. felis containing 
5 1 mg protein (BIO-RAD DC protein assay), 20 mice were each given orally 0.2 
ml of a suspension containing a sonicate of H. felis containing 1 mg protein, 20 
mice were each given orally 0.2 ml of a suspension containing 10 ug of cholera 
toxin and a sonicate of Kpylori (strain 921023) containing 1 mg protein, and 20 
mice were not orally vaccinated. 

10 

One week after the final immunising dose all the mice were euthanased. 
Samples of antral mucosa were tested for infection using a rapid microtitre urease 
test as described previously (Lee et a/. , 1990). This test has been validated as 
being highly predictive of H. felis gastric infection. 

15 

The results are shown in Table 2. 

These results show that oral administration of Helicobacter antigens 
derived from either H. felis, or H. pylori along with a mucosal adjuvant, will cure 
20 a significant portion of H. felis infected mice. 



TABLE 2 



Vaccine 


Number of animals 
infected 


Significance 


Nil 


16/20 




CT alone 


15/20 


N.S. 


H. felis sonicate alone 


12/20 


N.S. 


H: felis sonicate plus CT 


8/19 


P<0.05* 


H. pylori sonicate plus CT 


4/20 


P<0.001 



Fisher's exact test (two tailed) 
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EXAMPLE 3 

One hundred female SPF mice from the Animal Breeding Unit of the 
University of New South Wales, Australia, were infected with 4 oral doses of 10°- 
5 1 0^° living Helicobacter felis (ATCC culture 49179) given 2 days apart. 20 female 
SPF mice were left uninfected, as negative controls. 

Bacteria were grown in plastic Petri dishes on Blood Agar Base No. 2, 
3.8% w/v (Oxoid, Basingstoke, UK) with 7% v/v whole horse blood (Oxoid), 
10 containing amphotericin B (Fungizone, Squibb, Princeton, N.J., USA) 2.5 mg/l; 
trimethoprim (Sigma, St.Louis, MO, USA), 10 mg/l. Plates were incubated in a 
microaerophilic humid atmosphere (Oxoid, BR56) at 37°C for 48 hours. 

Sonicates were prepared by growth of the organisms, as described above, 
15 followed by harvesting of the organisms in 0.1 molar phosphate buffered saline 
(PBS). The cells were washed, collected by centrifugation, washed once in PBS, 
and resuspended in fresh PBS. The cells were then sonicated at the rate of one 
per minute per ml of cell suspension (50% duty cycle) using a B-30 Branson Cell 
Disrupter. The sonicate was stored at -20°C. 

20 

Starting between 6 weeks and 9 weeks after their last infecting dose olH. 
felis, 20 mice were each given orally 0.2 ml of a solution containing 25 //g of 
E.coli heat labile toxin (HLT) (Sigma E 8015), 20 mice were each given orally 0.2 
ml of a suspension containing 25 fig of HLT and a sonicate of H. pylori containing 
25 1 mg protein (BIO-RAD DC protein assay). 20 mice were each given orally 0.2 
ml of a suspension containing a sonicate of H. py/on containing 1 mg protein, and 
40 mice were not orally vaccinated. 

Each group received three further doses 15, 17 and 20 days after their 
30 initial dose. 
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Four weeks after the final immunising dose ail the mice were euthanased. 
Samples of antral mucosa were tested for infection using a rapid microtitre urease 
test as described previously (Lee et al. . 1990). This test has been validated as 
being highly predictive of H. felis gastric infection. 

5 

The results are shown in Table 3, 

They show that oral administration of Helicobacter antigens derived from 
H, pylori along with a mucosal adjuvant Ecoli heat labile toxin, will cure a 
10 significant portion of H. felis infected mice. 



TABLE 3 



Treatment Group 


Proportion of H, felis 
infected mice. 


Uninfected, unvaccinated 


0/20 


Infected, unvaccinated 


40/40 


Infected, Hp antigen alone 


20/20 


Infected, E.coli HLT alone 


20/20 


Infected, Hp antigen & HLT 


6/19* 



P<0.0001 (Fisher's exact test, two tailed). 
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CLAIMS. 

1 . A method for the treatment of Helicobacter infection in a mammalian host, 
which comprises the oral administration to said infected host of an 
immunologically effective amount of one or more Helicobacter antigen(s), 
optionally in association with a mucosal adjuvant. 

2. A method according to claim 1, wherein said Helicobacter ani\ger\ is H. 
pylori antigen. 

3. A method according to claim 1, wherein said Helicobacter antigen is H 
felis antigen. 

4. A method according to claim 1, wherein said Helicobacter antigen(s) 
comprises a sonicate of Helicobacter cells, preferably H. pylori cells. 

5. A method according to claim 1, wherein said Helicobacter antigen is 
administered in association with a mucosal adjuvant. 

6. A method according to claim 5, wherein said mucosal adjuvant is cholera 
toxin or Ecoli heat labile toxin. 

7. A method according to claim 1, wherein said infected host is an infected 
human. 

8. A vaccine composition for the treatment of Helicobacter infection in a 
mammalian host comprising an immunogenlcally effective amount of one or more 
Helicobacter antigen(s), optionally in association with a mucosal adjuvant, 
together with a phannaceutically acceptable carrier or diluent. 

9. A vaccine composition according to claim 8, further comprising an effective 
amount of a mucosal adjuvant. 
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10. A vaccine composition according to claim 8, wherein said mucosal adjuvant 
is cholera toxin or E.coli heat labile toxin. 

11. A vaccine composition according to claim 8, wherein said Helicobacter 
antigen is H. pylori antigen. 

12. A vaccine composition according to claim 8, wherein said Helicobacter 
antigen is H. felis antigen. 

13. A vaccine composition according to claim 8, wherein said Helicobacter 
antigen(s) comprises a sonicate of Helicobacter cells, preferably H, pylori cells. 

14. Use of a vaccine composition comprising an immunologically effective 
amount of one or more Helicobacter antigen(s), optionally in association with a 
mucosal adjuvant, in the treatment of He//co/)acfer infection in a mammalian host. 
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DELETION MUTANTS AS VACCINES FOR CHOLERA 

Background of the Invention 
The field of invention is Vibrio cholerae 
5 vaccines. After more than 100 years of research on 
cholera, there remains a need for an effective cholera 
vaccine. There have been six pandemics of this disease 
caused by strains of V. cholera belonging to the 
"Classical" biotype. The etiological agents of the 

10 current (seventh) pandemic belong to the "El Tor" biotype 
(Finkelstein, Crit. Rev. Microbiol 2:553-623, 1973, 
Wachsmuth et al.. The Lancet 337 : 1097-1098 ^ 1991). 
Recently the seventh pandemic has extended to a new 
locale, that of South America. Beginning in January of 

15 1991, an epidemic of cholera resulted in greater than 
250,000 cases and over 2,000 deaths in Peru, Ecuador, 
Columbia, and Chile. Before this epidemic it was 
estimated that over 200,000 cases of cholera occurred per 
year mainly in India, Bangladesh, Africa and Western Asia 

20 (Tacket et al.. Cholera Vaccines. In Vaccines; New 
Approaches to Immunological Problems ^ Ellis, R. W. , 
editor, Butterworth-Heinemann, Boston, 1992) . 

In November of 1992, an antigenically distinct, 
non-01 form of V. choleraB emerged in India and 

25 Bangladesh and within eight months caused an estimated 
500,000 cases and 6,000 deaths. The pandemic potential 
of this new strain, designated serogroup 0139 synonym 
"Bengal", seems assured and is a new cause of concern 
throughout the developing world. These recent 

30 experiences underline the need for effective cholera 

vaccines against disease due to both El Tor 01 and Bengal 
0139 serotypes of V. chqlBrae. 
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Because natural infection by and recovery from 
cholera induces immunity lasting at least 3 years (Tacket 
et al., Supra; Levine et al., J. Infect. Dis. 143 ;818" 
820, 1981; Cash et al,, J. Infect. Dis. 130 :325-333. 
5 1974) , much effort has been made to produce live, 

attenuated cholera vaccines that when administered orally 
would mimic the disease in its immunization properties 
but would not cause adverse symptoms or reactions in the 
immunized individual (i. e., display low reactogenicity) . 

10 Vaccines of this type involve deletion mutations that 
inactivate the gene encoding the A subunit of cholera 
toxin, a protein which is responsible for most of the 
diarrhea seen in this disease (Hekalanos et al., Proc. 
Natl. Acad. Sci. USA 79:151-155, 1982; Mekalanos et al., 

15 Nature 306 :551-557,, 1983; Kaper et al. , Nature 308 : 655- 
658, 1984; Kaper et al. , Biotechnology 2:345, 1984; 
Pierce et al.. Infect. Immun. 55:477-481, 1987; Taylor 
et al.. Vaccine 6:151-154, 1988; Levine et al., Infn. 
Immun. 161-167, 1988; Herrington et al. J. Exper. 

20 Med. 168 :1487-1492. 1988; Levine et al.. Lancet ii:467- 
470, 1988; Kaper et al.. Res. Microbiol. 141 :901-906. 
1990; Pearson et al.. Res. Microbiol. 141 :893-899 ^ 
1990). See also Mekalanos, U.S. Patent Nos. 5,098,998 
and 4,882,278, and Kaper et al., U.S. Patent No. 

25 4,935,364, hereby incorporated by reference. While both 
oral, killed whole cell vaccines and several live, 
attenuated cholera vaccine have been developed, the most 
promising of these provide little protection against the 
El Tor biotype of V. cholerBB and probably no protection 

30 against the 0139 serotype. The major issues associated 
with cholera vaccines are safety, stability and their 
degree of antigenicity. 

With regard to the toxin genes of V. choleras, the 
genetic diversity among toxigenic and non-toxigenic 

35 strains has been examined by Chen et al. (1991, 
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Epidemiol. Infect. 107:225). Mekalanos (1983, Cell 
35:253) reports on the duplication and amplification of 
V. cholerae toxin genes, and Miller et al. (1984, Proc. 
Natl. Acad. Sci. USA 81:3471) discusses transcriptional 
5 regulation of the toxin genes. Other V. cholerae genes 
whose products may play a role in the pathogenicity of 
this organism include the toxin-coregulated pilus genes 
(Shaw et al., 1990, Infect. Immun. 58:3042; Sharma et 
al., 1989, Vaccine, 7:451;Sun et al., 1990, J. Infect. 
10 Dis. 161:1231; Hall et al., 1991, Infect. Immun. 59:2508; 
Taylor et al., 1987, Proc. Natl. Acad. Sci. USA 84:2833), 
and the gene encoding the intestinal colonalization 
factor (Taylor et al. , 1988, Vaccine 6:151). 

Summary of t he Invention 

^5 The invention features a nontoxigenic genetically 

stable mutant strains of V. cholerae which are useful as 
a live, oral vaccines for inducing immunological 
protection against cholera. The mutant strains are 
genetically engineered mutants which lack DNA encoding a 

20 functional ctxA svibunit and also lack any functional 

attRSl sequences. By attRSl sequences is meant a 17 base 
pair sequence contained within the CTX genetic element 
that is required for recombination and amplification of 
the CTX genetic element, or enough of that sequence to 

25 enable such recombination and amplification. Mutants 
which "lack any functional attRSl sequences" are those 
which substantially cannot undergo effective site- 
specific recombination with a ttJesi -containing vehicles, 
because the wild type attRSl sequences are wholly deleted 

30 or are sufficiently deleted or mutated to prevent such 
recombination. As a result, V. cholerae strains 
according to the invention are safer because they cannot 
recombine with wild type attRSl-containing vehicles which 
include the ctxA-encoding DNA. 
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The invention also featiires a me'thod of making the 
above described V. cholerae strains. The method involves 
introducing a plasmid into a wild type V. cholerae which 
contains a fragment of V. cholBrae DNA containing a 
5 mutation in the ctxA and attRSl sequences. The V. 

cholerae DNA fragment is capable of recoinbining with wild 
type cholerae DNA inside the organism to generate the 
mutant strain. 

Although any serotype of V. cholerae may be used, 

10 in preferred embodimients , the mutant strain of V. 
cholerae belongs to the El Tor serotype, and more 
preferably, the Inaba or Ogawa serotype or the V. 
cholerae non-01 serotype, preferably 0139 "Bengal" 
sierotype. Preferably, the mutants lack all of the CTX 

15 core and attRSl sequences and more preferably the mutant 
strain is Peru-2, Bang-2, Bah-2, or an attenuated 
derivative of the Bengal serotype, such as Bengal-2 
("Beng-2") or Bengal-3 ("Beng-3") as described below. 
Mutant strains according to the invention 

20 optionally include additional mutations introduced to 
improve the safety and/ or the immunogenicity of the 
vaccine. Such additional mutations include, but are not 
limited to, inactivation of one or more genes involved in 
DNA recombination, for example the recA gene encoded by 

25 the strain, and the introduction of additional genes 

which may be introduced into the V. cholerae chromosome, 
preferably into the V. cholerae lacZ gene. Preferred 
additional genes include a gene encoding the B subunit of 
V. cholerae or any heterologous antigen such as the B 

30 subunit of Shiga-like toxin, or a gene encoding the 
E.coli CFA antigen, or an antigenic HIV antigen. By 
heterologous antigen is meant any antigen that is not 
normally expressed by V. cholerae. For example, the 
heterologous antigen may be Shigella lipopolysaccharide 

35 (LPS) antigen, Shiga -toxin, various CFA antigens of 
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enterotoxigenic E. coll strains, anthrax toxin, 
Pseudomonas endotoxin A, antigenic fragments from the HIV 
capsid, pertussis toxin, tetnus toxin; antigens from 
Herpes virus, rxibella virus, influenza virus, mumps 
5 virus, measles virus, poliomyelitis virus; and 

immunogenic polypeptides from eukaryotic parasites 
causing malaria, Pneumocystis pnevimonia, and 
toxoplasmosis, may be expressed in a V, cholBrae live 
vaccine. Preferably, the mutant strain having additional 
10 mutations is Peru-14, Peru-3, Peru-4, Peru-5, .Bang-3, 
Bang-5, Bah-3, Bah-4, Bah-5 or an attenuated derivative 
of Bengal. 

By a ctxA subunit is meant the A subunit of the 
cholera toxin which is responsible, when functional, for 

15 many of the symptoms of cholera (e.g., nausea, diarrhea 
etc. ) . Most preferably, the strains include deletion of 
the entire so-called "core genetic element", includes not 
only the ctxA/B, but also a region known as ICF 
(Intestinal Colonization Factor, probably equivalent CEP 

20 "core encoded pilin") and ZOT, described in greater 
detail below. 

In another aspect, the invention features a 
nontoxigenic genetically stable mutant strain of V. 
cholBrae which is useful as a live, oral vaccine for 

25 inducing immunological protection against cholera. The 
mutant strain is a genetically engineered mutant which 
lacks DNA encoding a functional ctxA subunit. The strain 
may also be soft agar penetration-defective. By soft 
agar penetration-defective is meant lacking the ability 

30 to penetrate a media of high viscosity as measured ±n 
vitro by swarming on and within agar media which is 
between 0.25 and 0.4% agar. The preferable strain may 
also be f illamentous, i.e. 25% or more cells greater than 
15 nM in length under conditions of logarithmic growth. 

35 In preferred embodiments the strain is also ATT-. 
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In preferred embodiments, tJie Invention includes a 
vaccine comprising at least two different strains of V, 
cholBraB which are nontoxigenic genetically stable 
mutants which lack DNA encoding a functional ctxA subunit 
5 and are also soft agar penetration-defective. One of the 
two strains is preferably derived from the Peru strain 
and the other one is derived from the Bengal strain. The 
invention also includes a vaccine in which each of the 
component strains are ctx", att", and recA". Depending 

10 upon the relevant local epidemiology, the vaccine strains 
may be administered together in a single dose, or more 
preferably, separately 7-28 days apart. Where only one 
of the serotypes presents a threat of disease, it may be 
preferable to administer a vaccine regime comprising only 

15 one strain. 

The invention also features a killed, oral cholera 
vaccine comprising at least a first and a second V. 
cholBrete strain, wherein at least two of the strains are 
different serotypes and all strains in the mixture lack 

20 DNA encoding a functional, ctxA subunit. The vaccine also 
contains cholera toxin B subunit produced by at least one 
of the serotypes. Preferably, one of the serotypes in 
the vaccine is ah Ogawa serotype and another of the 
serotypes is an Inaba serotype. Most preferably, the 

25 killed oral vaccine comprises Bah-3 and either Peru-3 or 
Bang-3, or both Peru-3 and Bang- 3 , as defined below. Any 
of the oral vaccine combinations may also include cells 
of the Bengal serotype, as defined below, including 
Bengal-2 and Bengal-3. The strains may be administered 

30 singly, together, or in consecutive doses 7-28 days 
apart. 

The invention also features a method of making a 
killed V. cholBrae vaccine. The method involves growing 
at least a first and a second V, cholBrae strain, wherein 
35 each strain in the mixture lacks DNA encoding a 
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functional ctxA subunit. The strains are then collected 
from the growth mediuia and the cells are killed. Cholera 
toxin B subunit^ produced by at least one of the strains 
is obtained from the medium in which the strain was 
5 propagated and is added to the killed cells. The mixture 
of killed bacteria and cholera toxin B subunit is then 
suspended in a physiologically acceptable carrier. 

Mutants such as those described above are useful 
as cholera vaccines and are improved in their genetic 
10 properties compared with previous vaccines. 

Other features and advantages of the invention 
will be apparent from the following description of 
preferred embodiments thereof, and from the claims. 

Detailed Description 
15 The drawings will first be briefly described. 

The Drawj^igs 

Fig. 1. is a schematic diagram of the CTX genetic 
elements of toxigenic V. cholerae strains P27459-Sm, 
C6709-Sm and E7946-Sm. The filled in boxes represent RSI 

20 secpiences. Between the RSI sec[uences is a region shown 
as an open box (called the core region) which contains 
the ctxAB genes and genes encoding zot, the intestinal 
colonization factor (ICF) . At the ends of the RSI 
sequences are filled in circles that represent copies of 

25 sequences that match 16 out of 17 bases with the 17 base 
pair sequence attRSl ( CCTAGTGCGCATTATGT) [ SEQ . ID . NO : 1 ] . 
Although the CTX elements of the three strains vary in 
their structure based on the number of copies of the RSI 
and core regions, it should be noted that these elements 

30 are inserted into the same chromosomal site in all El Tor 
strains of V. choleraG. 

Fig. 2. (A) Restriction map of the chromosome 
containing the CTX region from strain C6709-Sm with the 
CTX element schematically shown as in Fig. 1. Not shown 
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are the restriction maps of strain P27459-Sin and E7946-Sm 
which are the same except for the variation observed in 
sites that map within the CTX element's core or RSI 
sequences as designated schematically in Fig. 1. (B) 
5 Restriction map of corresponding chromosomal region of 
strain Bang-1, Bah-1, and Peru-1. 

Fig. 3. (A) Restriction map of plasmid pGP60 
that carries an inserted DNA fragment corresponding to 
the chromosome containing the CTX region from strain 

10 P27459-Sm with the CTX element schematically shown as in 
Fig. 1. Below this is a two headed arrow which 
designates the DNA which has been deleted in plasmid 
pAR62. (B) The restriction map of the CTX region of 
strain P27459-Sm is shown including restriction sites 

15 that map outside the region cloned on plasmid pGP60. (C) 
A demonstration of the recombinational events (broken 
lines) between plasmid pAR62 and the chromosome that 
produced the Type-2 deletion which gave rise in parental 
strains C6709-Sm, P27459-Sm and E7946-Sm to deletion 

20 mutants Peru-2, Bang-2, and Bah-2, respectively. (D) 
Restriction map of the chromosome of strains Peru-2, 
Bang-2, and Bah-2. 

Fig. 4 is a diagrammatical representation of the 
construction of plasmid pGP52. 

25 Fig. 5 is a diagrammatical representation of the 

generation of pJM84.1 and pJM84.2. A 0.6 kb fragment 
encoding a promoter less B-subunit was generated by PCR. 
This DNA was ligated into pCRlOO and digested with 
Spel/EcoRI. The resulting 0.6 kb restriction fragment 

30 was ligated into EcoRI/Xbal digested pVClOO and pRT41 

vectors, yielding pJMlOOl and pJM411, respectively. Each 
plasmid was digested with BamHl/EcoRI, treated with 
Klenow, flanked with Xbal linkers, and digested with 
Xbal. Purified fragments were ligated to Xbal digested 

35 pGP84, yielding pJM84.1 and pJM84.2. 
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Fig. 6 is a diagrammatiical represent:at:ion of the 
insertion of the ctxB into the chromosome* Non- 
replicative pJM84.1 was integrated into Peru-2^ Bang-2 or 
Bah-2 by homologous recombination. Ampicillin resistant 
5 recombinant colonies were subsequently plated on medium 
which contained streptomycin without ampicillin, thus 
reducing the selective pressure for ampicillin 
resistance. The resulting ampicillin sensitive colonies 
were isolated and had selected for excision of DNA 
10 flanked by homologous recA ONA secjuences. 

The invention features attenuated strains of V. 
cholerao that can be used either as live or killed oral 
vaccines to protect individuals against cholera and 
potentially other diseases. 

15 Construction of Vaccines 

Attenuated derivatives of a V. cholerae strain 
C6709-Sm isolated from a cholera patient in Perm in 1991 
have been constructed that can be used as live, oral 
cholera vaccines. The derivatives Peru-1 and Peru-2, 

20 carry small Type-1 (core) and large Type-2 deletions, 
respectively, which remove the DNA encoding the cholera 
toxin in addition to DNA encoding zot, an intestinal 
colonization factor (ICF) that is unrelated to cholera 
toxin. Because excessive intestinal colonization may be 

25 responsible for adverse side effects seen in humans 

administered earlier prototype live cholera vaccines, the 
deletion of genes encoding both cholera toxin and ICF in 
Peru-l and Peru-2 will render these strains less 
reactogenic in vaccinees while they retain their 

30 immunogenic and therefore protective properties. 

The larger Type-2 deletion present in Peru-2 also 
removes an insertion-like sequence called RSI which is 
present in two or more copies as part of a larger DNA 
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segment called -the CTX genetic element. The RSI sec[uence 
encodes a site-specific recombination system that can 
duplicate at a high frequency and cause insertion of the 
CTX element into the V. cholerae chromosome at a 17 base 
5 pair target site called attRSl. Sequences nearly 
identical to attRSl (and apparently just as 
recombinationally active) exist at the ends of the RSI 
sequences. These sequences are as follows: 
attRSl and flanking chromosomal sequences; 

10 5 ' -TAAACCTAGAGACAAAATGT TCCTAGTGCGCATTATGT ATGTTATGTTAAAT-3 ' 
[SEQ.ID.NO:2] 

Left side of RSI and chromosomal junction; 

5 ' -TAAACCTAGAGACAAAATGT TCCTAGTGCGCATTATGT GGCGCGGCAT . . • RSI . . . -3 ' 
[SEQ.ID.NO;3] 
15 Right side of RSI and chromosomal junction: 

5 ' -AAACCCTAGATTCCGCC GCCTTAGTGCGCATTATGTA TGTTATGTTAAAT-3 ' 
[SEQ.ID.NO:4] 

The attRSl and a similar sequence present at the ends of 
RSI. are underlined. Note that the chromosomal sec[uence 

20 that flanks attRSl is present on the left and the right 
side of RSI with the only overlap being a 17 base pair 
sequence that is identical to attRSl on the left end of 
RSI and an 18 base pair sequence that matches 17/18 base 
pairs with attRSl. 

25 Genetically engineered live attenuated cholera 

vaccines are theoretically safe only if they cannot 
revert or otherwise regain the capacity to produce 
cholera toxin. Strains which carry a single copy of the 
attRSl sequence can efficiently acquire a new copy of the 

30 CTX element through DNA transfer by either P factor 
conjugation or bacteriophage transduction. Thus, 
deletions which render V. cholerae devoid of RSI and 
attRSl sequences can prevent a vaccine strain from 
reacquiring the CTX genetic element in nature through its 

35 own site specific recombination system. Such a deletion 
is present in strain Peru-2 and its derivatives. 
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Six mutant strains of V. cholerae with similar but 
not identical properties have been constructed. Four 
strains that carry the same two types of deletions (Type- 
1 and Type-2) as strains Peru-1 and Peru-2 were 
5 constructed in V. cholerae strains isolated from patients 
in Bangladesh (P27459-Sm) and Bahrain (£7946-*Sm) • These 
four derivatives, Bang-1, Bang-2, Bah-1 and Bah-2 are 
also the subject of the invention because they vary in 
colonization and/or other properties (e.g. , serotype) and 

10 they are therefore potentially more suitable than the 
corresponding Peru strains for use as vaccines in other 
areas of the world. 

Although the smaller Type-1 deletion present in 
the three strains Peru-1, Bang-1 and Bah-1 does not 

15 remove all copies of RSI, this particular deletion 

affects the intestinal colonization properties of some of 
these strains more severely than the larger deletion 
present in Peru-2, Bang-2 and Bah-2. 

Construction of Tvpe-2 Deletion Mutations 
20 A Type-2 deletion removes all sequences 

corresponding to the CTX genetic element including RSI 
sequences and all copies of the attRSl sequence (Fig.l). 
The Type-2 deletion was constructed by recombination 
between the chromosome of V. cholerae and the plasmid 
25 sequences cloned on plasmid pAR62 as shown in Fig. 3. 
Plasmid pAR62 is a derivative of plasmid pGP60 and 
carries a Type-2 deletion wherein the Hindlll fragment 
shown in Fig. 3 was deleted. Plasmid pGP60 was 
constructed by first generating a genomic library of 
30 strain P27459 by inserting 20-30 kb Sau3A partially 

digested fragments into the BamHI site of plasmid pIiAFR2 
(Friedman et al., 1982, Gene 18:289). Colonies were 
screened by hybridization using probes derived from the 
ctx region (Mekalanos, 1983, Cell 35:253). A positive 
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colony was picked and the plasmid which was isola1:ed 
1:herefroin was named pGP60. Restriction enzyme analysis 
of this plasmid confiirmed that it contained all of the 
CTX element sequences and additional flanking DNA. 
5 Plasmid pAR62 encodes resistance to tetracycline* This 
plasmid was introduced into a strain of V .cholerae by 
conjugation or electroporation followed by selection on 
media containing 3 /ig/ml of tetracycline. Such a plasmid 
carrying strain was then screened by colony hybridization 

10 with radioactive L-S probe prepared as described in 
Goldberg and Mekalanos (J. Bacterid. 165 :723-731, 
1986) • Colonies carrying the Type-2 deletion inserted 
into the chromosome did not hybridize to the Ij-3 probe 
and surprisingly, occurred at a high frequency (i.e., 

15 about 1% of the colonies screened) . Southern blot 

analysis was used to confirm the presence of the expected 
deletions in these strains. 
Construction of Core (Type-l) Deletions 

A "core deletion" removes only sequences 

20 corresponding to the core of the CTX element but leaves 
behind a copy of the RSI element on the chromosome 
(Goldberg et al., J. Bacterid. 165:723-731, 1986) (Fig. 
2.). These deletions occur spontaneously through 
homologous recombination between RSI sec[uences located on 

25 the right side and left side of the core region as shown 
in Fig. 2. Colonies of V. CholBrae that contain core 
deletions can be identified in two ways. First, if the 
strain carries a selectable marker such as a gene 
encoding kanamycin resistance inserted in the core 

30 region, then the core deletion renders such a strain 
sensitive to kanamycin (Goldberg et al., J* Bacterid. 
165:723-731, 1986). Second, colonies that contain the 
core deletion can also be identified by colony 
hybridization using radioactive CT-1 probe which does not 

35 hybridize to strains carrying this deletion (Goldberg et 
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al.^ J. Bacteriol. 165:723-731, 1986). By elliher 
method, colonies that carry these deletions occurred at a 
freqpiency of about 1 per 1000 colonies screened. 
Analysis by Southern blot hybridization was then used t<b 
5 confirm the expected deletions in these strains. 
An Assay for Functional attRSl Sequences Based Upon 
Integration of Plasmid pGP52 

The plasmid pGP52 is a suicide plasmid which is 
only capable of replicating in strains of JS. coli such as 

10 SMlOApir {Pearson et al., 1990, Res. Microbiol. 141:893). 
Plasmid pGP52 was constructed by first digesting the 
plasmid pGP7 (Mekalanos, 1983, Cell 35:253) with Clal and 
Sphl. This plasmid contains two RSI sequences (termed 
RSI and RS2) derived from the V. cholerae strain E7946- 

15 Sm. A fragment of DNA which contained the RSI sequences 
was cloned into pBR322 and the resulting plasmid was 
named pGP20. This plasmid was then digested with EcoRV 
(which cuts within the RSI sequences) . When this plasmid 
was religated a new plasmid termed pGP20R was generated 

20 containing a hybrid version of RS2 called RS2*, wherein 
the hybrid RS2 sequences were flanked by core sequences. 
An SspI-SphI fragment of RS2 was then subcloned into the 
suicide plasmid pJM703.1 which had been digested with 
Nrul and Sphl. The plasmid pJM703.1 is described in 

25 Miller et al. (Proc. Natl. Acad. Sci. USA 81:3471). The 
resulting plasmid was called pGP52. A diagram depicting 
the construction of pGP52 is shown in Fig. 4. 

When pGP52 is transferred by conjugation into V. 
cholerae strains which contain attRSl sequences, it 

30 integrates into the V. choleraB chromosome by means of a 
site-specific recombination event between the attRSl 
sequence on the chromosome and the attRSl secjuence 
present on the plasmid. Integration events such as these 
can be quantitated by determining the number of colonies 

35 that stably maintain (i.e., are non-selected) ampicillin 
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resis-tance because resistiance t:o ampiclllln is encoded by 
pGP52. Confirmation of integration can be obtained in 
Southern blot hybridization experiments. If the V. 
cholorae strain to be tested has functional attRSl 
5 sequences then integration will be observed in the test. 
If the strain does not contain functional attRSl 
sequences, integration will not occur. 

In order to assess the ability of the various 
vaccine candidates to serve as recipients for pGP52, the 

10 following experiments were performed. Donor £. coli 
strain SMloXplr pGP52 was mixed with the recipient V. 
cholerae test vaccine strain in 5 ml of Luria broth at 
concentration of 10^ cells from each strain per culture. 
The mixture was incubated at 37**C for 5 hours at which 

15 time it was diluted 1:100 into fresh Luria broth 

containing 100 /xg/ml of streptomycin. The purpose of the 
streptomycin is to select against the coli donor 
strain by killing it. Thus, only the streptomycin 
resistant V. cholorae recipient strains are capable of 

20 growth. This culture was incubated until the growth rate 
of the cells reached saturation. The cultures were 
diluted again and further incubated until each cell had 
replicated a total of 20 times in the absence of any 
positive selection for pGP52. This culture was then 

25 diluted and plated on two separate media compositions in 
order to guantitate the number of viable colonies. One 
of these media is Luria broth which does not contain any 
antibiotics. The number of colonies appearing on these 
plates represents the total number of cells in the 

30 culture. The other medium is Luria broth which contains 
ampicillin. The number of colonies appearing on these 
plates represents the nxxmber of integration events that 
occurred following conjugation. The results are 
expressed as a ratio of stable integration events/total 
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number of viable cells and are presented in Table 1 
below. 



Table 1. Representa tive Integration Data on Peru Vaccine Strains 

Strain Stable Integration events /total # viable cells 

Peru-1 5.2 X lO"^ 

Peru-2 Not detectable (< 5 X 10"®) 

Peru-3 Not detectable (<5 X 10"®) 

Peru"4 Not detectable (<5 X 10"®) 

Peru-5 Not detectable (<5 X 10'®) 



10 Based on these data it is evident that strain 

Peru-1, which contains two copies of the attRSl sequences 
is capable of integrating the plasmid pGP52 into its 
chromosome at a frequency that is at least 1000-fold 
higher than any of the other strains tested, all of which 

15 lack any attRSl sequences. 

Serological Charact erization of Vaccine Strains 

The vaccine strains Peru-2, Bang-2, and Bah-2 were 
characterized further in terms of their serological and 
colonization properties. The data presented in Table 2 

20 demonstrate that each derivative retained its expected 
serotype (i.e., the serotype of each of the mutants 
respective parental strain) when freshly harvested 
bacterial cells were tested by slide agglutination using 
Difco V. cholerae 01 Inaba or Ogawa typing serum. This 

25 result indicates that these strains still express I^PS 
antigens. Other tests demonstrate that these mutant 
strains are motile, prototrophic, and still express Top 
pili. Thus, the mutants express a number of properties 
that are important for their ability to be useful as live 

30 vaccine strains. 
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Colonization Properties of the Vaccine Strains and Core 
Deletion Mutants 

To test the colonization properties of these 
vaccine strains, a mouse intestinal competition assay was 
5 used as described in Taylor et al« (Proc. Natl. Acad. 
Sci. USA. 84.: 2833-2837, 1987) which has been shown to 
correlate accurately with the colonization properties of 
mutant strains when they are subsequently tested in human 
volunteers (Herrington et al., J. Exper. Med. 168 x1487- 

10 1492, 1988). The assay measures differences in 

colonization of a mutant strain by comparing its ability 
to compete for growth and survival with another closely 
related or isogenic strain. In this assay, the mutant 
and competing strains were mixed in a ratio of 

15 approximately 1:1 and then approximately one million 

cells of this mixture were introduced to the stomach of 
3-5 day old suckling CD-I mice. After 24 hours, the mice 
were sacrificed, the intestine was dissected, 
homogenized, and plated on bacteriological media 

20 containing streptomycin which selects for both strains. 
Colonies that grew after overnight incubation are then 
tested for additional markers which differentiate the 
mutant strain from the competing strain (i.e., 
resistance to kanamycin or hybridization with appropriate 

25 radioactive DNA probes; see legend of Table 3) • 

As shown in Table 3, Bang-2, and Bah-2 both 
exhibited a mild intestinal colonization defect that 
resulted in approximately 4-13 fold greater recovery of 
the isogenic competing strains than the mutant strains 

30 after 24 hours of growth in the mouse intestine. Also 
shown in Table 3, are results from competition assays 
involving core deletion mutant strains Peru-1, Bang-l and 
Bah-1. Like the Type-2 deletion strains Bang-2 and Bah- 
2, these core deletion mutants were defective in 

35 colonization relative to their isogenic competing 
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strains. Because core deletions remove sequences 
corresponding to the core of the CTX element (Fig. 1 and 
3 ) , these data suggest that the core of CTX element 
encodes an "intestinal colonization factor, or ICF". 
5 Cholera toxin by itself is not an ICF. Strains SM44 and 
SM115 which are defective in cholera toxin production due 
to a deletion in the ctx genes and insertion of a gene 
encoding kanamycin resistance as described in Goldberg 
and Mekalanos (J. Bacterid, i65: 723-731, 1986) 

10 outcompete their respective mutant strains (Bang-1, Bang- 
2 and Bah-1, Bah-2) in the intestinal competition assay. 
Thus, it is apparent that SM44 and SM115 make ICF even 
though they. do not produce cholera toxin, while the 
mutants do not. Furthermore, because the CTX core region 

15 was the only DNA that is deleted in both core as well as 
Type-2 deletions and mutants carrying both types of 
deletions were similarly defective in colonization, it 
can also be concluded that ICF is encoded by the core 
region of the CTX element as shown in Fig. 1. 

20 Recently, a new toxin called 20T has been found to 

be encoded by the core region (Baudry et al. , 1992, 
Infect. Immun. 60:428-434). We have evidence that 
mutations in the ZOT gene do not produce the colonization 
defect observed in Type-1 or Type-2 deletion mutants. 

25 Accordingly, ICF is designated as a separate and distinct 
property from ZOT. The vaccine strains described herein 
carrying Type-l or Type-2 deletions are defective in ICF. 

In contrast, strain Peru-2 exhibited no 
significant defect in intestinal colonization relative to 
30 its competing strain C6709-Sm (Table 2) . However, the 
total cell yield of either strain C6709-Sm or Peru-2 in 
the mice was typically 10-100 fold less than strains SM44 
or SM115, suggesting that the Peru strain C6709-Sm and 
its derivative Peru-2 may already carry an undefined 
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colonization defect* Since deletion of the core of all 
or part of the CTX element did not cause a further defect 
in the colonization of either strain Peru-1 or Peru-2^ it 
can be concluded that strain C6709-Sm is partially 
5 defective in ICF already even though it carries DNA 
sequences that correspond to the CTX core region. 
Deletion of the entire CTX region as defined by the Type- 
2 mutations present in strains Peru-2, Bang-2 and Bah-2 
assures that the genes for ICF cannot reactivate and 

10 become functional in the vaccine derivatives. The Type-2 
deletion of ICF genes apparently causes a mild 
colonization defect. Such may be useful as an 
attenuating mutation in cholera vaccine development, 
because wild type JCF may be responsible for undesirable 

15 levels of toxicity. 

Table 2, Properties of Mutant Strains 

Mutant Strains Parental Strain Serotype Type of Deletion 

Peru-2 C67X>9-Sm Inaba Type-2 

Bang-2 P27459-Sm Ogawa Type-2 

20 Bah*2 E7946-Sm Inaba Type-2 

Note that the designation "Sm" behind the strain name 
refers to streptomycin resistance. This is a 
spontaneously selected strain which is resistant to 100 
/xg/ml of streptomycin and was the result of a spontaneous 

25 point mutation in the gene for a ribosomal protein. This 
resistance marker is not associated with a plasmid or 
transposon and is therefore not transmissible to enteric 
flora. Because all mutant strains are derived from the 
indicated parental strains, all mutant strains are also 

30 resistant to streptomycin. 
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Table 3, Infant House Colonization Competition Assays^ 
Mutant Strain Coooeting Strain Input Ratio 

Hutant/Conpetinq Strain 



Output Ratio 
Mutant/Cofflpeting Strain 




0.16 
0.07 



5 Bah-2 SH1 15*= 0.92 

Peru-2 C6709-Sm^ 0.74 



0.65 



Peru-1 



Bang-1 
Bah-1 



»<44^ 

SH115^ 

C6709-Sin^ 



0.61 
0.89 



0.85 



0.05 



0.04 



0.94 



10 ^ Infant mouse colonization assays were performed 

according to the method described in Taylor et al. (Proc, 



strains was determined by either differential sensitivity 
to antibiotics or by colony hybridization with 
15 appropriate probes as described in the additional 
footnotes below. 

**Strain SM44 has been described in Goldberg and Mekalanbs 
(J- Bacterid. JL65: 723-731, 1986) and is a kanamycin 
resistant derivative of the parental strain P27459-Sm. 

20 The gene encoding kanamycin resistance in SM44 was 

inserted in the ctx locus. Because Bang-1 and Bang-2 
were derivatives of P27459-Sm competition with SM44 
measures colonization differences that can be attributed 
to the effect of the Type 2 rather loss of ctx. Strains 

25 Bang-1 and Bang-2 were sensitive to kanamycin and were 
differentiated from SM44 in these competitions assays by 
scoring colonies for resistance to 30 iig/ml kanamycin. 

*^Strain SM115 has been described in Goldberg and 
Mekalanos (J. Bacterid. 165 :723-731, 1986) and is the 
30 kanamycin resistant derivative of the parental strain 
E7946-Sm. The gene encoding kanamycin resistance in 
SM115 was inserted in the ctx locus. Because Bah-1 and 
Bah-2 are derivatives of P27459-Sm competition with SM115 
measures colonization differences that can be attributed 



Natl. Acad. Sci. USA. 84:2833-2837, 1987). The ratio of 
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to the effect of the Type 2 deletion rather than loss of 
ctx. Strains Bah-1 and Bah-2 were sensitive to 
kanamycin and were differentiated from SM115 in these 
competitions assays by scoring colonies for resistance to 
5 30 fig /ml kanamycin. 

^Strain C6709-Sm is the parental strain of Peru-1 and 
Peru-2, Peru-2 carries a Type -2 deletion while Peru-1 
carries a core deletion. Both these deletions remove the 
ctx genes and thus both Peru-1 and Peru-2 were negative 

10 in colony hybridization blots when probed with the CT-1 
probe described in Goldberg and Mekalanos (J. Bacteriol. 
165 ;723-731f 1986) while strain C6709-Sm was positive 
using the same probe. Thus, both Peru-1 and Peru-2 were 
differentiated from C6709-Sm in these competitions assays 

15 by scoring colonies for hybridization with the CT-1 
probe • 

The mutant strains described can be further 
improved as vaccine candidates by creating additional 
mutations within each strain that will serve to enhance 

20 the safety and immunogenicity of the vaccine. 

With regard to safety, a second mutation can be 
introduced into the recA gene of any of the strains 
described above, which mutation is designed to inactivate 
that recA gene. Such double mutant strains will 

25 therefore be defective in recombination and will be 

unable to recombine with wild type strains of V. cholerae 
in the environment. Thus, they will be incapable of 
acquiring wild type toxin genes and expressing the CTX 
element. Immunogenicity can also be improved by 

30 introducing additional mutations into each strain which 
will allow that strain to express cholera toxin related 
antigens (e.g., the B subunit of cholera toxin) or other 
heterologous antigens, e.g., the nontoxic B subunit of 
Shiga-like toxin or various CPA antigens of 
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enterotoxigenic E. coll strains, Shiga-toxin, anthrax 
toxin, PseudoiDonas endotoxin A, pertussis toxin, tetnus 
toxin; antigens from Herpes virus, rubella virus, 
influenza virus, mumps virus, measles virus, 
5 poliomyelitis virus, antigenic fragments from the HIV 
capsid; and immunogenic polypeptides from eukaryotic 
parasites causing malaria, Pneumocystis pneumonia, and 
toxoplasmosis (Karjalainen et al., 1989, Infect. Immun. 
57:1126; Perez-Casal et al., 1990, Infect. Immun. 

10 58:3594). Thus, a series of mutated derivatives can 
also be useful in the invention, each incorporating 
additional properties that render the strains safer, 
genetically more stable and more broadly immunogenic. 
The construction of such derivatives is described below. 

15 Construction of recKfctxB Alleles 

Cholera toxin B subunit is known to be a nontoxic, 
highly immunogenic molecule that is capable of inducing 
cholera toxin neutralizing antibodies. In order to 
generate more immunogenic vaccine strains, a new copy of 

20 the ctxB gene was introduced into the vaccine strains 

containing the Type-2 deletions described above (because 
Type-2 deletions remove all of the coding sequence for 
the cholera toxin B subunit) . This was accomplished in a 
series of steps that are described below. 

25 First, a promoter less copy of the ctxB gene was 

constructed using the polymerase chain reaction (PGR) . 
For PGR, the downstream primer was designed so that the 
CtxB coding sequence could be synthesized in such a way 
as to eliminate the attRSl site that lies just downstream 

30 from the stop codon in the ctxB gene. This primer had 
the following sequence: 5'- 

GGGCTAAAGTTAAAAGACAAATATTTTCAGGC-3 ' [ SEQ . ID . NO : 5 ] . The 
upstream primer was designed so that only the last 24 
car boxy terminal amino acid residues of the A2 subunit 
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could be encoded by the product of the reaction. This 
primer had the following sequence: 
5 ' -GGGTAGAAGTGAAACGGGGTTTACCG-3 ' [ SEQ . ID . NO : 6 ] . 
All other nucleotides in the DNA encoding the A subunit 
5 were excluded from the reaction. The DNA encoding the 
carboxy terminal amino acids of CtxA2 were retained in the 
final product to allow for translational coupling of ctxB 
gene expression. Since the toxic activity associated 
with cholera toxin is derived from the CtxAl polypeptide, 

10 all sequences encoding the Al polypeptide were excluded 
from the PCR reaction. 

PGR was performed using the ctxB primers as 
described above using V. choiejrae DNA from the Peruvian 
strain, C6709-Sm (Fig. 5) . The product of the reaction, 

15 a 0.6 kilobase pair fragment, was cloned into plasmid 

pCRlOO. This fragment was then cut out of the plasmid as 
a 0.6 kilobase pair Spel-EcoRI fragment and was cloned 
into two individual acceptor plasmids, Xbal-EcoRX 
digested pRT41 and Xbal-EcoRI digested pVClOO. The 

20 resulting plasmids, pJM411 and pJHlOOl, then each encode 
a copy of the ctxB gene under the control of either the 
ctx promoter (ctxP) or the htpG promoter (hptP) of V. 
cholBrae, respectively. These plasmids were then 
transferred to the nontoxigenic strain V. cholerae 0395- 

25 NT (Mekalanos et al*, 1983, Nature 306:551 and U.S. 

Patent No. 4,935,364), generating two new strains termed 
0395-NT pJM41l and 0395-NT pJMlOOl. The amount of 
cholera B subunit produced by each strain was measured by 
GMI ELISA. Strain 0395-NT pJM411 produced 30 /ig/ral, 

30 while strain 0395-NT pJMlOOl produced 100 /xg/ml in UB 
culture supernatant fluids. These results demonstrate 
that the PCR product was a functional ctJ^B gene encoding 
an antigenic cholera B subunit capable of binding to 
ganglioside GMI and was . therefore similar to that 

35 secreted by normal wild type V. cholerae. 
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In the next step, EcoRI-BamHI fragments of DNA 
specifying the promoter-ctxB constructs were subcloned 
into the suicide recA plasmid p6P84. This plasmid 
contains a V. cholerae chromosomal DNA insert that 
5 corresponds to the DNA which flanks the recA gene of V. 
cholerae (i,e., an internal deletion of recA) . Plasmid 
pGP84 is a derivative of suicide plasmid pJM703.l (Miller 
et al., 1988, J. Bacterid. 170:2575) and encodes 
sequences corresponding to the flanking regions of the 

10 recA gene of V^. choleras (Goldberg et al., 1986, J. 

Bacterid. 165:715) including a Bglll-PvuII fragment on 
the left side and an Xbal-EcoRI fragment on the right 
side. A 1.3 kb fragment encoding kanamycin resistance is 
positioned between these two fragments. Plasmid pGP84 

15 also contains a NruI-BamHI fragment encoding sensitivity 
to streptomycin. This latter fragment is derived from 
plasmid pNOl523 (Dean, 1981, Gene 15:99) . When pGp84 is 
digested with Xbal, the 1.3 kb fragment is removed and 
other Xbal fragments can be inserted into this deleted 

20 recA region. 

The stibcloning was accomplished as follows: Each of the 
two EcoRI-BamHI fragments specifying the promoter-ctxB 
constructs were modified by the addition of Xbal linkers. 
They were individually ligated to Xbal digested pGP84 to 

25 generate two new plasmids pJM84.l and pJM84.2, each of 

which contains DNA specifying the htpP-ctxB and the ctxP- 
ctxB constructs respectively (Fig. 6) . 

Next, plasmids pJM84.l and pJM84.2 were 
transferred into V. cholerae strains Peru-2, Bang-2 and 

30 Bah-2 and ampicillin resistant colonies were selected. 

Because these plasmids are incapable of replication in V. 
cholerae, they integrate into the host cell chromosome by 
homologous recombination generating the structure shown 
in Fig. 6. Both plasmids also encode a gene for 

35 streptomycin sensitivity which allows for positive 
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select:ion against a plasmid integration event in strains 
that are streptomycin resistant (i.e., strains Peru-2, 
Bang-2 and Bah-2) . Thus, when strains that have a 
plasmid integrated into the chromosomal DNA are grown on 
5 medium containing 2 mg/ml streptomycin, colonies that 
have reverted to ampicillin sensitivity can be isolated. 
Strains that had now crossed out the integrated plasmid 
in such a way as to leave behind the recA deletion 
mutation together with the ctjfB construct were then 
10 selected from among these latter strains. These strains 
were easily identified as having the following 
properties: 

1. They were ampicillin sensitive. 

2. They were killed in the presence of 0.1 ml methyl 
15 methane sulfonate per ml of LB, a characteristic 

phenotype of recA" cells. 

3 . They produced the cholera B subunit as measured by 
GMI-EIilSA. 

4 • Southern blot analysis using recA and ctxB probes 
20 confirmed that they contained DNA fragments consistent 
with the presence of the ctxB construct and deletion of 
the appropriate recA sequences. 

Bacterial strains that were isolated following the 
procedure described above are as follows: 

2 5 STRAIN GENOTYPE 

Peru-3 attRSl deletion, recA; :/itpP-ctxB, str 

Peru-4 attRSl deletion, recA: : ctJcP-ctxB, str 

Ban$^3 attRSl deletion, recA: :/2tpP-ctxB, str 

Bah-3 attRSl deletion, recA: :/jtpP-ctJcB, str 

30 Bah*4 attRSl deletion, recA: : ctxP-ctxB, str 

Construction of lacZ-ctyB Alleles 

The recA mutation contained within the vaccine 
strains described above renders the strains deficient in 
homologous recombination. In order to produce candidate 
35 vaccines that were still capable of homologous 

recombination, the ctxB gene was inserted into the lacZ 
gene of V. cholerae as described below. 
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The plasmid pCG698 which encodes ^he lacZ gene of 
V. choleraB, contains a unique Hpal site in the middle of 
the lacZ coding sequence. The plasmid pCG698 was 
constructed as follows: The )9-galactosidase gene of V. 
5 cholerae was cloned from a library of chromosomal DNA 
fragments from strain E7946 as described (Mekalanos, 
1983, Cell 35:253) • It was found to express )9- 
galactosidase and following restriction enzyme mapping, 
was found to contain a 6 kb insert containing 2 Hpal 

10 sites in the lacZ gene each of which was separated by 2^1 
kb of DNA. This plasmid was linearized with Hpal and 
Xbal linkers were ligated to the ends. An EcoRI-BamHI 
fragment containing the ctxF-ctxB construct was removed 
from pJM411 as described above, the ends were modified by 

15 the addition of Xbal linkers and the fragment was ligated 
into the similarly modified pCG698. The resulting 
plasmid pJM689l, now contained the ctxP-ctxB construct 
inserted into the middle of the lacZ gene. This plasmid 
was transferred into V. cholerae strains Peru-2, Bang-2 

20 and Bah-2 and each resulting strain was screened for 
growth in the presence of X-gal. White colonies 
containing an inactivated lacZ gene were picked and 
purified. Strains that contained an integrated copy of 
the lacZ: :ctJCP-ctxB sequences into the host cell 

25 chromosome were obtained by curing the bacteria of 
pJM6891 by growth in the absence of ampicillin. The 
presence of the appropriate sequences was confirmed by 
Southern blot analysis and the ability of these bacteria 
to produce cholera toxin B subunit was confirmed by GMI- 

30 ELXSA. Bacterial strains isolated following this 
procedure are as follows: 

STRAIN GENOTYPE 

Peru-5 attRSI deletion, lacZ: :ctxP-ct3rB, str 

Bang-5 attRSI deletion, iacZ: : ctxP-ctxH, str 

35 Bah-5 attRSI deletion, iacZ: ictxP*ctxB, str 

In order to characterize some of these carrier 
cholera vaccine candidates with regard to mouse 
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10 



coloniza'tion, mice were infected with the strains listed 
below. The strain TCP2, a derivative of 0395-Nl which 
contains a TcpA deletion and does not colonize the 
intestine of hiiman volunteers, served as a control. Five 
mice were used for each strain. At 24 hours post- 
infection, the upper intestine was removed from each 
mouse, homogenized and assayed for the number of V. 
cholerae present using a simple plating assay. The 
results are presented in the table below. Essentially, 
no TCP2 bacteria were detected in the intestines of mice 
infected with TCP2 and thus the values given below 
represent the number of bacteria of each strain that 
colonized the mouse intestine above a background level of 
zero. 



15 strain 



Peru- 3 
Peru- 2 
Peru-A 
Peru- 5 
Bang -2 
88ng-3 



20 



CFU per roouse^ 
n5 



Genotype/Construct 



9.4 
2.5 
6.0 
6.6 
9.9 
2.7 



^^6 
^^6 

10^ 



attRSI deletion 
attRSI deletion 
attRSI deletion 
attRSI deletion 
attRSI deletion 
attRSI deletion 



#2, recAtihtpG-ctxB 
#2, 

#2 recA:;ctx-ctxB 

#2 lacZ;;ctx»ctxB 
#2, 

*2, £££A::htgG-ctxB 



a Colony forming units recovered per mouse (average of five mice). 

b The construct att RSI deletion #2 Is a Type 2 deletion constructed with plasmid pAR62, 
described In Figure 3. 

25 The construct recAithtpG-ctxB is a deletion of the recA gene and insertion of the cholera 

toxin B subunit gene under control of the heat shock promoter derived from the htpG of V, 
cholerae. 

The construct recAi;htpG*ctxB is a deletion of the recA gene and insertion of the cholera 
toxin fi subunit gene under control of the cholera toxin promoter derived from the ctx gene 
30 of a hypertoxigenic strain 569B of V. cholerae . 

The construct lac2;;ctx-ctxB is an insertion in the lacZ gene of V. cholerae that Is 
composed of the cholera toxin B subunit gene under control of the cholera toxin promoter 
derived f rem the ctx gene of a hypertoxigenic strain 5698 of V. cholerae * 



The results suggest: that the presence of the 
35 recA: :htpP-ctJcB allele serves to reduce the ability of 
the Peru-derived strains to colonize the intestine 
(compare, for example, Peru-3 with Peru-2) . However, the 
effect of this construct on colonalization of the Bang- 
derived strain was less marked (compare Bang-3 with Bang- 
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2). In general, introduction of the constructs wherein 
ctxB is under the control of its own promoter had less 
effect on colonalization that the constructs wherein it 
was placed under the control of the heat shock promoter, 
5 It should be noted that strains Peru-2, Peru-3 and Bang-3 
vary in their colonalization properties over a 28-fold 
range. It is well within the art following the protocols 
described above, to isolate additional vaccine candidates 
that vary even more widely in their colonalization 

10 properties. 

In summary, the data demonstrate the feasibility 
of using genetic engineering techniques to generate novel 
ctjfB-containing V. cholerae strains wherein the 
expression of the ctxB gene is placed under the control 

15 of either of two V. cholerae promoters (ctxP and htpP) . 
The engineered genes can be recombined into the V. 
cholerae chromosome into target genes such as recA or 
lacZ to generate strains which stably express large 
amounts of cholera toxin B subunit (for example, strains 

20 Peru-3, Peru-4 and Peru-5) . 

Isolation of spontaneous soft agar penetration-defective 
strains of V> cholerae 

Mutants of cholerae which are defective in soft 
agar penetration can be useful in the production of 

25 vaccines. The rational for utilizing these mutants is as 
follows. The mucous layer of the intestine is thought to 
be viscous and mutants defective in penetration of soft 
agar might be deficient in penetration of this mucous. 
Although defective in penetration through mucous, these 

30 mutants may still present antigen to the Peyer patches 
which are not covered by a thick mucous gel and which 
include antigen-sampling cells specific for IgA antibody 
production. As a result, penetration defective mutants 
are predicted to have low reactogenecity , yet be highly 
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antigenic, and these characteristics are desirable for a 
live vaccine. Although non-motile mutants are one class 
of mutants defective in penetration of soft agar, other 
types of mutations may also result in a soft agar 
5 penetration-defective phenotype (i.e., a swarming 

phenotype) and may be useful for vaccines. In keeping 
with this line of reasoning, completely non-motile 
mutants, i.e., mutants unable to swarm in agar-free 
media, may be useful candidate vaccines. 

10 To obtain such mutants, soft agar can be used to 

assess the ability of bacteria to penetrate a media of 
high viscosity (soft agar media which is 0.25 - 0.4% 
agar) , as described below. One such soft agar 
penetration-defective vaccine with a high therapeutic 

15 value is Peru- 14. 

Peru-14 is soft agar penetration-defective, and, 
in addition, over 50% of Peru-14 cells are f illamentous, 
with a spiral-like appearance and having a cell length of 
greater than 5 normal cell lengths (25nM, as opposed to 

20 the wild-type cells length of 5nM) . 

Peru-14 was isolated as a soft agar penetration- 
defective derivative of the triply-deleted Peru strain 
(Peru-3) (ctxA", att", and recA") that was free from side 
effects but still retained the ability to colonize 

25 vaccinees as shown in below (Table 7) . 

Although Peru-14 was isolated based upon the 
theory stated above, this theory of function may or may 
not accurately and completely explain the effectiveness 
of Peru-14 as a vaccine. The usefulness of Peru-14 as an 

30 effective vaccine does not depend on the correctness of 
this theory. 
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Table 7 

Ou-tcome of Immunization with Freshly Harvested Peru-14 
Cholera Vaccine 



of 

Dose 
(cfu) 
16ay 



Volunteer 
# 



Symptoms 



Stool 



Duration 

Excretion 
(days) /Peak 



2x10* 
3/3 

lS/2 



4/4 
20 
4/1 

3/3 

9x10^ 
25/1 

3/1 

2/2 
30 
7/4 

5/3 

35/1 



28 Gas 

29 Cramps 

30 None 

33 None 

34 None 

35 None 

25 None 

26 Gas 

27 Headache 

31 Nausea, Loss of Appetite 

32 None 

36 Cramps 



Formed 

Formed 

Formed 

Formed 

336g* 

Formed 

Formed 
Formed 
Formed 
Formed 
Formed 
63g+ 



Volunteer had painless semi-solid stool at 72 hours post- 
immunization. Stool was culture-negative for Peru-14. 

40 * Volunteer had two small liquid stools at 48 hours post- immunization. 
Stools were culture-positive for Peru-14. 

Specifically^ the Peru-14 soft agar penetration- 
defective strain was produced as follows. Peru-3 was 
grown overnight in LB broth containing 100 fxg 
45 streptomycin sulfate at 30*^C. The culture was diluted to 
approximately 2000 cfu/ml and 0.1 ml was plated onto LB 
plates containing 100 /xg streptomycin. After incubating 
the plates overnight at 30*»C, approximately 1000 colonies 
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were toothpicked into soft agar plates (LB broth + 0.45% 
Bacto-agar) and incubated overnight at 30®C. The 
inoculating toothpick is inserted only 1-2 mm into the 
surface of the soft agar plate. Of the 1000 colonies 
5 picked, 25 appeared to be non-penetrating. Non- 
penetrating isolates appear as colonies of approximately 
2 mm in diameter, whereas penetrating isolates swarm on 
and within agar the agar to a diameter greater than 5 mm. 
These colonies were repicked into soft agar once again, 

10 along with a known non-penetrating, non-motile cholera 
strain and the original Pe3ru-3 strain. One colony of the 
25 was non-soft agar penetrating (when compared to the 
controls). This colony, designated Peru-14, was still 
Inaba positive with agglutination sera, and produced the 

15 same level of B-subunit toxin as Peru-3 when tested in 
the B-subunit ELISA. The methods described above can be 
used for isolating soft agar penetration defective 
mutants of any V. cholerae strain. Non-revertable 
penetration-defective mutants, such as those harboring a 

20 genetic deletion, can be made using the methods described 
above • 

Bengal strains 

A highly unusual non-01 virulent strain has 
recently been discovered to be responsible for a cholera 

25 epidemic on the Indian sub-continent. Survivors of 

earlier 01 serogroup epidemics are not immunologically 
protected against this strain. 

This strain has been deposited with the American 
Type Cultiire Collection (ATCC) in Rockville, MD. Bengal 

30 can be attenuated as described above for the other 

strains, e.g., by one or more of th6 following mutations: 
ctx", att~, or recA", or a soft agar-def ective phenotype, 
Bengal-2 ("Beng-2") and Bengal-3 ("Beng-3") , are 
genetically equivalent to Peru-2 and Peru-3. Such an 

35 attenuated Bengal strain may be combined with one of the 
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above-described attenuated Peru strains to provide a dual 
or multi-cholera strain vaccine. 

Hxman testing of Peru-3 and Peru-'S 

Human studies of the efficacy of Peru-3 and Peru-5 
5 were performed as follows. 

Blood samples were drawn from volunteers prior to 
immunization and at 7, 14, 21, and 28 days post 
immunization. The V. cholorae antibodies in their blood 
stream were measured and levels are shown in Table 4. 

10 The immunogenecity of vaccine prototypes Peru-3 and Peru- 
5 were evaluated in human volunteer studies. Volunteers 
ingested freshly harvested Peru-3 or Peru-5 at 3 
different doses in 100ml of 10% sodiiim bicarbonate. 
Peru-3 and Peru-5 were also shown to induce antitoxin 

15 antibodies (Table 5) . In addition, Peru-3 and Peru-5 
were shown to protect volunteers from challenge with a 
wild-type El Tor V. cholerae (strain N16961, Table 6). 
We conclude that Peru-3 in particular provokes a potent 
immune response (Tables 4 and 5) and confers protection 

20 from cholera in human studies (Table 6) . 



wo 94/01533 



PCr/US93/06270 



- 32 - 

Table 4 

Vibriocldal Titers After Immunization with Peru-3 or Peru-5 (July 
1992) 



Strain (cfu) 


Volunteer 


Pre 


7 


14 


21 


28 


Peak 


Peru-3 (4x10^) 


1 


50 


1600 


6400 


6400 


6400 


6400 


2 


<100 


50 


100 


50 


100 


100 




5 


<100 


1600 


6400 


400 


400 


6400 


Peru-3 <lxlO®) 


7 


<100 


400 


1600 


400 


400 


1600 


12 


<100 


400 


800 


400 


200 


800 




13 


<100 


3200 


6400 


3200 


1600 


6400 


Peru-5 (2x10^) 


11 


<100 


1600 


6400 


3200 


6400 


6400 


14 


<100 


200 


6400 


3200 


1600 


6400 




15 


<100 


800 


6400 


1600 


3200 


6400 



Heat activated serum samples were serially diluted into microtiter 
wells, mixed with log phase V. cholerae (final concentration of 
5X10') and guinea pig complement (final concentration of 11%) and 
incubated at 37*»C for 1 hour. 

20 Brain-Heart-Infusion broth was then added to plates and incubated 
at 37*^C for 2*75 hours. Values in table represent the reciprocal 
titers at which antibody-mediated killing of V. cholorae was 50% 
or greater. 



Tatole 5 

25 Cholera Antitoxin Titers after immunization with Peru-3 or Peru-5 
(July 1992) 



30 



Strain (cfu) Volunteer .2 



Peaii 

14 21 28 Increase 
(fold) 



Peru-3 (4x10*) 
35 Peru-3 (4x10®) 
Peru-5 (2x10*) 

40 



1 


8 


8 


32 


32 


32 


4 


2 


<2 


<2 


<2 


<2 


<2 


None 


5 


2 


64 


64 


2 


256 


14 


7 


2 


2 


4 


4 


4 


2 


12 


<2 


2 


4 


4 


4 


4 


13 


<2 


<2 


<2 


<2 


<2 


None 


11 


4 


4 


4 


4 


4 


None 


14 


2 


2 


2 


2 


2 


None 


15 


8 


8 


8 


8 


8 


None 



Senira samples were serially diluted into pre-treated, ganglioside/cholera conn B-subuin coated 96 well microtiter 
plates and incubated at 37*C for 30 minutes. Following 3 washes with PBS, goat anti-human antibody-alkaline 
phosphatase conjugate (1/1000) was added and incubated at 37*C for 30 minutes. Following 3 washes with PBS, 
4 5 2mg/ml PNFP was added to each well and incubated for 15 minutes. Reaction was stopped with O.IM K2PO4 and 

read at an OJ>. of 4Q6nm. Values on the table represent the reciprocal titers and the increase of day-2 compared 
to peak titer. 
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Table 6 

Outcome for Volunteers Challenged with 2x10^ c£u of Vibrio 
cholerae (N16961) wild-type Organisms (November 1992) 



c 
D 




■ 

Pirevxous 


xni.uxa± 


oyiDp^OIuB 


u xar r nea 


vinseu oi 




Number 


Vaccination 


Dose 




( grams ) 


Symptoms 




1 

X 




Ct. 1 Ana 


none 












6 I098 


7lr6cL/ 
gurgling 


534 


lfi~4fi hours 


10 












5 


Peru- 3 


6 logs 


None 


3 






7 


Peru-3 


8 logs 


None 


23 


36 hours 




11 


Peru- 5 


6 logs 


None 


Formed 






12 


Peru-3 


8 logs 


None 


Formed 




15 


14 


Peru-5 


6 logs 


None 


Formed 






15 


Peru- 5 


6 logs 


None 


Formed 






22 


Control 


T 100.7 
F, HA, nausea 
LOA, gurgling. 


1443 


24 hours 


20 








cramps 








23 


Control 




None 


769 


24 hours 




24 


Control 




T 99.6 P,HA, 


904+ 


40 hours 










malaise, 
gurgling. 






25 


















cramps 







Did not colonize or subsequently seroconvert after vaccination 
Two liquid stools not weighed due to urgency 



Construction of V> cholGra& vaccines expressing 
3.0 heterologous antigens 

The procedures described above can be applied by 
any artisan skilled in the art for the construction of 
derivatives of Peru-2^ Bang-2, Bah-2, Peru-14, and 
related strains which are capable of expressing a wide 

35 variety of foreign or heterologous antigens, e.g., 

antigens that are not normally expressed in V'. choleraB. 
Such derivatives, when used as live vaccines, would be 
expected to induce a strong immune response against both 
V. cholerae antigens and the foreign antigen that it 

40 encodes. Both systemic and local immune responses will 
likely be induced because vaccination with other 
prototype V. cholerao vaccines has resulted in the 
induction of circulating IgG and local IgA antibodies 
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that are specific for both whole cell antigens (e.g*, 
LPS) and as well as individual proteins such as cholera 
toxin B subunit (Herrington et al., 1988, J. Exp. Med. 
168:1487-1492). A foreign antigen expressed by V. 
5 cholBrae would be expected to elicit an immune response 
similar to that of the individual cholera proteins. 

The methods useful for the introduction of 
heterologous antigens into V. cholerae are similar to 
those described above for the re- introduction of the ctxB 
10 gene into vaccine strains Peru-3^ Peru-4, Peru-14, Peru- 
5, Bang-3, Bah-3 and Bah-4. Virtually any heterologous 
antigen can be inserted into V. cholerae using these 
methods . 

The same protocol used to construct ctxB 

15 containing strains under a novel promoter can be used to 
constiruct derivatives of Peru-2, Bang-2 and Bah-2 which 
are capable of expression virtually any heterologous 
antigen or antigens normally encoded by either bacteria, 
viruses, or parasites. The methods described in the 

20 invention therefore teach generation of a multivalent V. 
cholerae vaccine "carrier strain" which can be 
manipulated to encode and express other antigens and can 
be administered to humans in order to immunize them 
against not only cholera, but other pathogens as well. 

25 V. cholerae /enterotoxigenic Jg. coli vaccines 

Vibrio cholerae vaccines which elicit antibodies 
against cholera toxin (CT) have been demonstrated to 
confer cross protection to human vaccinees against 
strains of heat-labile toxin (LT) producing 

30 enterotoxigenic coli (ETEC) (Svennerholm, J. Infect. 
Dis. ,149:884-893 , 1984) . Vaccinees were still vulnerable 
however to heat-stable toxin (ST) producing strains of 
ETEC. An attenuated strain of VlJbrio cholerae, Peru-3, 
can be used as a vaccine vector harboring ETEC-derived 

35 foreign genes encoding the major subunit of colonization 



wo 94/01533 



PCr/US93/06270 



- 35 - 

factor ant:igen CFA/IV fimbriae, and a genetiic -toxoid of 
ST. Such a vaccine vector will elicit i) anti-f imbrial 
antibodies, precluding binding of pathogenic ETEC strains 
to the human gut epithelium, and ii) anti-ST antibodies, 
5 negating the diarrheal effects of ST. The result is a 
single dose orally administered live attenuated V. 
cholerae vectored ETEC vaccine. 

The attenuated V. cholerae vectored ETEC vaccine may 
have one or more of the following advantages: i) it can 

10 be lyophilized for long-term storage, ii) it requires no 
cold-chain, iii) it is orally administered, iv) it 
requires only a single-dose, v) it is cost effective, and 
vi) it protects against most ETEC strains. 

A single-dose live oral vaccine directed against the 

15 enteric pathogens, V. cholerae and enterotoxigenic E. 

coli (ETEC) is made by genetically engineering sequences 
encoding antigens from E. coll into the V. cholerae 
vaccine strains. In the construction of such vaccine 
strains, it is desirable to neutralize both colonization 

20 and toxin production. This can be achieved by modifying 
an attenuated strain of V. cholerae , Peru-3 as described 
above . 

Peru-3 strain already expresses cholera toxin B 
subunit which is nearly identical to the ETEC heat-labile 

25 toxin B subunit, and elicits cross protective antibodies. 
The strain can be modified to express f imbrial antigens 
of ETEC and a chimeric protein made up of the 
oligomerization domain of cholera toxin A subunit and a 
mutant form of the ETEC heat-stable toxin. In this way, 

30 the induction of immunity to both V. cholerae and E. coli 
can be accomplished. 

The generation of the V. cholerae/ETEC vaccine 
strain is accomplished by utilizing common techniques in 
microbiology and molecular biology. The ability of the 

35 strain to colonize animals and induce an immune response 
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can be analyzed in an est:ablished model of entieric 
infection of rabbits. 

Cloning and expression of fimbrial antigens 

The ability of ETEC to colonize the intestinal 
5 epithelium of humans is mediated by serologically 

distinct fimbriae known as colonization factor antigens 
(CFAs) and putative colonization factors (PCFs) . The 
CPA/ 4 fimbriae is the principal colonization factor 
identified in approximately one quarter to one third of 

10 all ETEC clinical isolates. The gene encoding the major 
subunit of a prototype member of the group (CS6) has been 
cloned and sequenced by others. 

The cloned CS6 gene carried on a high-copy number 
plasmid was introduced to Peru-3 via 

15 electrotransf ormation and maintained by culture in Luria-* 
Bertani broth containing 50 ixg/ml of ampicillin. Whole 
cell lysates of Peru-3 containing the CSS sequences were 
analyzed for protein antigen expression by denatiiring 
polyacrylamide gel electrophoresis and immunoblotting 

20 using anti-CS6 polyclonal rabbit serxim. Immunoblots were 
developed using anti-rabbit IgG-alkaline phosphatase 
conjugate and BCXP. Expression of the CS6 gene was 
detected as production of a 17-kiloDalton protein. Thus 
CS6 antigen can be expressed in Peru-3 for the 

25 f ormulaition of a vaccine. 

In order to generate the candidate vaccine strain, 
however, it is desirable to have the CS6 gene stably 
maintained in the absence of antibiotic selection and to 
have it expressed from a promoter that is actively 

30 transcribed by V. cholerae- To that end, the polymerase 
chain reaction (PCR) can be used to specifically amplify 
the CS6 gene carried on a plasmid and to create xinique 
restriction endonuclease sites at its termini for 
subsequent cloning into an ampicillin resistant, 

35 streptomycin sensitive "suicide" vector which allows 
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integratiion onto the chromosoiae of choleraB. 
Specifically, PGR generated CS6 DNA flanked with a 5' 
Pad site and a 3' Notl site can be ligated with pJM6891 
DNA which has been digested with Pad and Notl, placing 
5 the CS6 gene under the control of the cholera toxin 
promoter. The ligation mixture can be introduced by 
electrotransf ormation into E. coll strain SMlOpir which 
provides a specific trans-acting protein, known as pi, 
required by pJM6891 for replication. However, when 

10 pJM689l and its derivatives are introduced into V. 

cholerao (which lacks the pi protein) , selection for 
resistance to 50 tig/ml of ampicillin requires that the 
plasmid integrate onto the chromosome. The site of 
integration is determined by the presence of V, cholBrae 

15 lacZ DNA sequences flanking CS6 which are identical to 
sequences on the V. cholerae chromosome and allow 
homologous recombination to occur. The resulting progeny 
is ampicillin resistant and harbors an integrated copy of 
the plasmid and CS6 sequences surrounded by repeated DNA 

20 sequences of the lacZ gene. 

The repeats can be resolved to remove the vector 
sequences (including the ampicillin resistance 
determinant) , leaving the CS6 gene under control of the 
toxin promoter. This is performed by culturing the 

25 strain in the presence of 2 mg/ml of streptomycin, 

selecting for the streptomycin resistance allele native 
to Peru-3 and against the streptomycin sensitivity 
allele introduced by the plasmid. After growth overnight 
in the presence of streptomycin, the culture is plated 

30 for single colonies on LB agar containing 100 M9/ml 
streptomycin, and scored for sensitivity to 50 ixg/ml 
ampicillin. Isolates that are streptomycin sensitive and 
ampicillin resistant will be analyzed by Southern blots 
of chromosomal DNA to determine if the expected 

35 integration and excision events have occurred. 
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These Isolates can be analyzed for level of antiigen 
production using immunoblot'ting technic[ues. Production 
of CS6 f imbrial antigen can be evaluated under a variety 
of growth conditions known to affect transcription of the 
5 cholera toxin promoter. The effect of media pH (6.5 
versus 8.0), temperature (30**C versus 37**C) , NaCl 
concentration (50 to 500 mM) and amino acid concentration 
(0 to 25 mM) on the level of CS6 expression can be 
determined • 

10 The candidate vaccine strain Peru- 3/ CSS can then be 

used in a rabbit model to demonstrate safety and 
immunogenicity • Since the human clinical isolates of 
ETEC that produce CFA antigens are typically not 
pathogenic to laboratory animals, another Peru-3 

15 derivative expressing the AF/Rl f imbrial antigen of the 
coll strain HDEC-l can be constructed in order to 
demonstrate safety and immunogenicity. This antigen 
mediates adherence to gut epithelium, causing a diarrheal 
disease in rabbits. The gene encoding AF/Rl, carried on 

20 the plasmid pWl, can be amplified by PCR, cloned into 
pJM6891 and integrated into the chromosome in the same 
manner as for CS6. The level of AF/Rl expression can be 
evaluated by immunoblotting. While this will not produce 
a vaccine candidates for humans, it can serve as a model 

25 for demonstrating the expression of heterologous antigen 
by modified Peru-3 strains and the induction of 
protection from challenge by a heterologous organism. 

The cloned AF/Rl gene carried on a high-copy number 
plasmid was also introduced to Peru-3 via 

30 electrotransf ormation and maintained by culture in Luria- 
Bertani broth containing 50 M9/ini of eunpicillin. Whole 
cell lysates of Peru-3 containing the AF/Rl sequences 
were analyzed for protein antigen expression by 
denaturing polyacrylamide gel electrophoresis and 

35 immunoblotting using anti-AF/Rl polyclonal rabbit serum. 
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Iimunoblots were developed using anti-rabbit: IgG-alkaline 
phosphatase conjugate and BCIP. Expression of the AF/Rl 
gene was detected as production of approximately 18- 
kiloDalton protein. Thus AF/Rl antigen can be expressed 
5 in Peru-3 for the formulation of a vaccine. 

Using similar strategies, a vaccine strain 
expressing protective antigens of ShigBlla, such as 
lipopolysaccharide (LPS) and plasmid-derived invasive 
protein, can be made to protect against infectious 
10 diarrhea caused by infective species of Shigella, such as 
sonnei. 

In S. sonnel, there is only one serotype of LPS and 
it is the primary antigenic determinant in protection 
against this bacteria. Introduction of a plasmid clone 

15 encoding the LPS operon into E. coli results in 
expression of LPS and is sufficient to confer upon 
coli the ability to be agglutinated by anti-5. sannei LPS 
antibodies. The same plasmid introduced into the Peru-3 
deletion mutant strain renders it agglutinatable • 

20 Further analysis of the operon indicated that a 12 

kilobase EcoRl/BamHl fragment of this plasmid subcloned 
into pBR322 still confers the agglutination phenotype. 
This fragment can then be introduced to the chromosome at 
the lacZ gene of V. cholBrae as described above. 

25 Construction and safetv of ST-CTA2 fusions, 

ETEC causes diarrhea by colonization and production 
of two distinct toxins. The heat-labile toxin (LT) is 
nearly identical in sequence, structure and biological 
action to cholera toxin (CT) • Therefore, production of 

30 CT by Peru-3 derivatives is sufficient to induce 

antibodies capable of neutralizing both toxins. However, 
immunization with CT cannot confer protection from the 
ETEC heat-stable toxin (ST) which is a very small (19 
amino acids) polypeptide produced by many clinical 

35 isolates, some of which do not produce LT. Thus a 
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critical element in the candidate cholera/ ETEC vaccine is 
the inclusion of ST sequences in Peru-3 in order to 
induce antibodies to this toxin. 

A number of well defined derivatives of ST have been 
5 generated that are devoid of toxin activity (SToxoids) . 
These derivatives are typically fragments of the toxin or 
substitution mutations in cysteine residues that foirm the 
three disulfide bonds of the protein. An SToxoid made up 
of the entire mature polypeptide with cysteine to alanine 

10 mutations in residues 5 and 10 can be constructed to 

minimize or eliminate toxic activity. The gene encoding 
this SToxoid can be made entirely from complementary 
oligonucleotides produced with a DNA synthesizer. The 
synthetic gene can be flanked by unique restriction 

15 endonuclease sites for subsequent subcloning into plasmid 
vectors . 

The size of ST (19 amino acids) renders it an 
inherently poor immunogen. If intact ST or even small 
peptide fragments are coupled chemically or genetically 

20 to other larger proteins (a carrier) , ST becomes a much 
better immunogen and can induce neutralizing antibodies. 
The principal carrier used was the B subunit of LT or CT. 
Since foreign proteins fused to the cholera toxin A2 
subunit (the domain of the enzymatic subunit which allows 

25 the A fragment to oligomerize with the B subunit 

pentamer) can bind to the pentamer and form holotoxin- 
like complexes, these chimeric complexes are i) secreted 
by V. cholerae , ii) capable of binding the ganglioside 
receptor, and iii) immunoreactive. 

30 The synthetic gene encoding SToxoid can be fused, in 

frame, to the 5' end of the gene encoding CT A2 creating 
an SToxoid-A2 chimera. The gene fusion construct can be 
integrated onto the Peru-3 chromosome as described above. 
When co-expressed with CT B subunit, this protein can 

35 form holotoxin-like complexes devoid of both ST and CT 



wo 94/01533 



PCr/tlS93/06270 



biological activity and capable of binding the 
ganglioside receptors • Strains expressing the SToxoid-A2 
chimeric protein can be analyzed by iiEununoblots using 
anti-ST antiserum to determine if the substitution 
5 mutations result in an antigenically related protein. 
The SToxoids can also be compared for toxicity in the 
infant mouse assay. 

The infant mouse assay is carried out as follows. 
2-3 day old mice are injected intragastrically with 

10 protein extracts derived from these vaccine strains (or 
purified ST as a control) , sacrificed 3-4 hours after 
injection and examined for increased gut-to-body weight 
ratio. Candidate SToxoid-A2 chimeras demonstrating the 
lowest toxicity, can then be analyzed for immunogenicity 

15 in rabbits. 

Safety, immunogenicity and efficacy of Peru-3/AF/Rl. 
Initial testing of the Peru-3 expressing AF/Rl can be 
done in rabbits. Bacteria can be administered orally at 
doses of 2 X 10^ , 2 x 10^, 2 x 10^, and 2 x 10® to New 

20 Zealand White rabbits. Stool samples can be collected 
and cultured on LB agar plates with 100 fig /ml 
streptomycin to eniimerate colonization and shedding of 
bacteria. Blood can be drawn before administration of 
the vaccine as well as 7, 14, 21 and 28 days following 

25 administration. Sera can be prepared and analyzed for 

the presence of antibodies specific for AF/Rl protein via 
an enzyme-linked immunosorbant assay (ELISA) using 
purified AF/Rl bound to microtiter plates, and ability to 
agglutinate RDEC-1 bacteria. 

30 Animals receiving the Peru-3 /AF/Rl strain can be 

subsequently challenged with a pathogenic strain of RDEC- 
1. A challenge dose of 2 x 10^ organisms can be 
administered orally to immunized and naive rabbits and 
stool samples observed for diarrhea (defined as loose, 

35 wet stool soiling the rectal area and loose stool in the 
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cage bottom) . Diarrhea typically occurs within 3-4 days 
in non-immune animals. To assay colonization, rectal 
swab samples are cultured on lactose MacConkey agar 
plates and lactose positive colonies are scored for 
5 positive reaction with anti-RDEC-1 antibodies in a slide 
agglutination test. Protection can be defined as both 
inhibition of diarrhea and bacterial colonization after 
day four. 

Safety and immunoaenicitv of Peru-3/CS6 and Peru- 

10 3/SToxoid> Initial testing of the Peru-3 strains 

expressing CS6 and SToxoid-A2 can be done as described 
above. Sera can be prepared and analyzed for the 
presence of antibodies specific for either CS6 or 
SToxoid-A2 chimeric protein via an enzyme-linked 

15 immunosorbant assay (ELISA) using purified CS6 or 

ganglioside bound to microtiter plates. The anti-CS6 
sera can also be analyzed for the presence of antibodies 
capable of fixing complement and lysing CS6 producing E. 
coli. In this assay, bacteria bearing CS6 are mixed with 

20 serum and guinea pig complement, LB broth is added, and 
the bacteria are plated on IiB agar. Bacteriocidal 
activity results in a decrease in the viable counts 
recovered. Finally, the anti-SToxoid-A2 sera can be 
tested for antibodies capable of neutralizing ST activity 

25 in the infant mouse toxicity assay. 

Construction of attenuated Vlhrlo .cholera expressing 
HIV-1 antigen as recombinant cholera holotoxoid 

An approach similar to that described above can be 
used to construct a V. cholerae vaccine strain expressing 

30 antigens of the Human Immunodeficiency Virus (HIV) . 

A cholera shuttle plasmid which contains a bacterial 
transcription unit including the promoter of the heat 
shock protein, htp, and the cholera CT-B gene was 
constructed. The transcription unit is flanked by the 

35 DNA sequences derived from the recA locus of cholera so 
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that the CT-B gene and its promoter can be integrated 
into the cholera chromosome by the homologous 
recoinbination between the DNA sec[uence presence both in 
the recA locus of the cholera genome and on the plasmid. 
5 The shuttle plasmid also contains a gene encoding 

ampicillin resistantance and a gene encoding streptomycin 
sensitivity as the selection markers. 

The HIV-1 envelope protein can be expressed as a 
part of recombinant V. cholerae holotoxoid secreted by 
10 the bacteria, in the form of a "sandwich" fusion protein/ 
in which the HIV antigen is preceded by the signal 
sequences of the CT-A polypeptide and followed by the CT- 
A2 domain « The signal sequences of the CT-A and its 
upstream untranslated region are required for the 
15 expression and secretion of the HIV-1 antigen in the 

bacteria. The CT-A2 domain fused to the HIV-1 antigen is 
required for the fusion protein to assemble with the CT-B 
proteins to form a recombinant cholera holotoxoid. The 
plasmid described above can be modified such that a PGR 
20 fragment containing the Shine-Dalgano (SD) sequences and 
the signal sequences of the CT-A gene, and a unique 
restriction endonuclease Pmel site for inserting the HIV- 
1 antigen is inserted into its Pad site. The plasmid 
can further be modified such that a second PGR fragment 
25 containing both the CT-A2 domain and the CT-B gene 
replaces the CT-B gene. The orientation of the DNA 
insertion and the junction of the PCR fragment can be 
confirmed by DNA sequencing. 

The HIV-1 antigen used in this study is a part of 
30 the HIV-1 envelope glycoprotein containing the principle 
neutralizing domain (PND) . Previous studies demonstrate 
that a group of synthetic peptides derived from the PND 
can elicit neutralizing antibody in animals. A DNA 
fragment derived from HIV-LAI envelope gene including the 
35 PND, but without the signal sequences and the first 120 
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amino acids, is cloned into "the Pmel site of 'the plasmid 
described above which contains both the CT-A2 domain and 
the CT-B gene. The in frame fusion of HIV-1 antigen and 
the CT-A signal peptide and CT-A2 domain can be confirmed 
5 by DNA sequencing. 

To construct a genetically attenuated cholora. strain 
that carries the HIV-1 antigen, Peru-2 is used the 
parental strain. The plasmid containing HIV sequences 
can be introduced into Peru-2 strain by mating. A 

10 recombinant strain of V.cholBra which contains deletions 
of ctx and recA loci and expresses a non-toxic 
recombinant fusion protein of HIV-1 antigen was produced 
and named PerulOl. Southern Blot analysis can be used to 
confirm that PerulOl contains the DNA for HIV-1 antigen 

15 and Western blot analysis can be used to demonstrate the 
expression of HIV-A2 fusion protein by the recombinant 
bacteria. An ELISA using both anti-CT-B and anti-HIV 
antibodies can test if the recombinant cholera holotoxoid 
is secreted by the bacteria. 

20 Preclinical evaluation in primates of immunoaenicity 

and protective efficacy of the oral HIV l vaccines using 
SHIV model 

To test the immunogenicity of V.cholerae recombinant 
PerulOl as an oral HIV-1 prophylactic vaccine, each of 

25 six adult female Rhesus monkeys (Macaca mulatta) can be 
given 2x10^ CFU freshly prepared live bacteria in 30 ml 
bicarbonated water. Two additional animals in the same 
age and sex group can be given the same dose of Peru 2 as 
a control. The stool samples of the animals can be 

30 analyzed two days after the vaccination to detect the 
multiplication of Vibrio cholera in the intestines by 
determining the colony forming unit on the IiB 
streptomycin plates. The vaginal, rectal, salivary and 
serum antibodies, including IgA and IgG, that are 

35 specific to HIVl and to the CT-B can be examined biweekly 
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post vaccination. The host animal's T cell 
proliferation and CTL responses that are specific to the 
input HIVl antigen can also be examined. One or 
several boosts by oral, or by intramuscular and 
5 intravenous injection of purified HIVl antigen may be 
necessary, depending upon the level of the initial 
immune responses of the vaccinated animals. 

If PerulOl is able to stimulate the animals to 
generate anti-HIV antibodies or cell mediated HIVl 

10 specific immune responses, the efficacy of PerulOl as 
HIVl vaccine can be tested by challenging the animals 
with live SHIV-LAI stocks through vaginal infusion. The 
two Peru 2 animals (the monkeys who received Peru2 
strain) and two of the six PerulOl animals (the monkeys 

15 who received PerulOl) can be challenged by 2x VI-AID5Q 
dose. Two of the other PerulOl animals will receive lOx 
VI-AID50 and the rest of the PerulOl monkeys will receive 
a maximum of 50x VI-AID5Q dose. The peripheral blood 
samples can be collected every two weeks post infection 

20 to determine if the animal becomes infected by detecting 
the viral antigen in the cultured PBMC. If the vaccine 
has prophylactic effect on the animals against the 
challenge by the SHIV carrying homologous HIVl envelope 
gene, SHIV-Eli, which contains a heterologous HIVl 

25 envelope, can be used to re-challenge the animals. 

Use of the Iiive Vaccine Strains 

The V. choleraB mutant strains Peru-1, Peru- 2, Bang- 
1, Bang-2, Bah-l; Bah-2, Bengal -2, Bengal -3, Peru-14, 
and the additional mutants described above are useful as 
30 sources of immunological protection against cholera and 
other related toxigenic diseases when used as live 
vaccines. Other such diseases include, but are not 
limited to, those induced by enterotoxigenic E. coll and 
other bacteria that produce toxins which are 
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immunologically cross-neutralizable with cholera B 
subunil:. 

When inoculated into the intestine of an 
experimental animal or human, mutant strains of V. 
5 cholerae should stimulate and induce a strong 

immunological response against all bacterial components 
that are elaborated by these strains including, but not 
limited to, the Ogawa and Inaba 01 LPS antigens, flagella 
antigens, the antigenic domains of the Top pili, and the 

10 outermembrane proteins. Based on published studies with 
other prototype cholera vaccines, both IgA and IgG 
classes of antibodies directed against these bacterial 
components will be synthesized in the inoculated animal 
or human and will serve to protect the animal or human 

15 against subsequent challenge with virulent strains of V. 
cholorae • 

Dosage 

Determination of the appropriate dosage and 
administration of these vaccines is performed essentially 
20 as described in Herrington et al., (1988, J. Exper. Med» 
1,68:1487-1492). In general, such dosages are between, 
but are not limited to, 10^ - 10^ viable bacteria per 
dose. 

Growth of Vaccine Strains 

25 The bacteria to be used as the vaccine can be grown 

in a standard V. Cholerae laboratory media. The cells 
can be harvested and then lyophilized in a formulation 
that preserves viability (e.g., sterile skim milk or 
saline containing 5mM CaCl2 and 10% weight by voltxme of 

30 glycerol) . 



wo 94/01533 



PCr/US93/06270 



- 47 - 

Administeation 

Administira'tion of the vaccine involves combining the 
contents of two envelopes or vials, one containing the 
lyophilized vaccine strain or combination of strains, the 
5 other containing water and sufficient sodium bicarbonate 
or alternate buffer as to neutralize stomach acid 
(approximately 2 grams) . The vaccine can then be 
swallowed by the vaccinee. Alternatively, the 
lyophilized vaccine can be incorporated into tablets 

10 which can be coated with an acid resistant "enteric 

coating". Such a form of vaccine can be administered to 
the vaccinee in one or more (up to three) doses spaced 
from a few days to several weeks apart. When used as a 
"booster" vaccine, the vaccine can also be administered 

15 to previously vaccinated individuals in one or more doses 
(up to three) spaced from a few days to several weeks 
apart. When two or more strains are being administered 
they may be provided together, or in individual doses 7- 
28 days apart. 

20 Improved Killed Oral Cholera Vaccines 

Preparations of improved killed oral cholera 
vaccines can be made from the strains described above. 
The experimental cholera vaccine that is currently 
available is comprised of approximately 10^^ formalin and 

25 heat killed V. cholerae cells mixed with purified cholera 
toxin B subunit (Black et al.. Infect. Immun. 55:1116, 
1987) . The four strains that are used in the preparation 
of the bacterial component of this vaccine produce active 
cholera toxin which must be completely inactivated before 

30 administration to the vaccinee. The new strains 

described above provide a vaccine that is vastly improved 
compared with the vaccine of Black et al. (Supra) for 
each of the reasons given below. 
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(1) Because the strains derived from^ and including 
Peru-2, Bang-2 and Bah-2, produce only the nontoxic B 
subunit of the cholera toxin and not the toxic A subunit, 
cultures of these strains require only mild inactivatioh 

5 prior to administration to a vaccinee, thus avoiding the 
more severe denaturing treatments such as formalin or 
heat. The advantages of the milder treatment are that 
the antigens will retain a greater degree of their native 
configuration and as a result they will be more 

10 immunogenic. Mild methods of inactivation that avoid 
chemically inactivating the bacterial proteins include 
microwaving the organisms, treatment with another 
radiation source or a mild organic solvent or detergent, 
or the cells may be lysed by mechanical methods such as 

15 sonication or use of a French Press. 

(2) In the strains Peru-3, Bang-3 and Bah-3, the 
ctxB gene has been placed under the control of the htp 
promoter. As a result, these strains synthesize large 
quantities of the cholera toxin B subunit (greater than 

20 10 ng/ml of culture) in standard laboratory medium such 
as LB- This facilitates purification of large amounts of 
the cholera B subunit and thus these strains provide a 
significant advantage over other strains which only 
produce the B subunit in small quantities under stringent 

25 growth conditions. 

(3) In the preparation of existing killed cholera 
vaccines, a separate bacterial strain is used to produce 
the B toxin subunit from the strain used as the whole 
cell antigen. During preparation of the B subunit it is 

30 therefore necessary to purify the B subunit away from the 
toxic A subunit using biochemical methods. Such 
purification incurs the risk that small amounts of the A 
subunit may contaminate the preparation of the B subunit. 
Using the strains described above, it is possible to 

35 generate a whole cell antigen preparation from the same 
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culture used to obtain the B subunit preparation. In the 
first instance, purification of the B subunit is now 
unnecessary because the strain does not produce the A 
subunit, thus reducing the amount of time and 
5 considerable expense involved in production of the 
vaccine. Secondly, there is no risk of having any 
contaminating A subunit in the preparations since the 
bacteria simply do not encode the gene for this subunit 
and therefore cannot produce it. The whole cell 

10 preparation can therefore be used as a vaccine with 
minimal risk to the vaccinee. 

(4) Some bacterial strains of the invention are 
derivatives of V. cholerae of the El Tor biotype and more 
particularly, in the case of Peru-2, Peru-3 and Peru-4, 

15 they are derivatives of an isolate (C6709-Sm) which is in 
fact the causative agent of the current epidemic in Latin 
America. If there are antigens that are unique to this 
particular parental strain, the vaccine derivatives 
described above may provide generally better protection 

20 against El Tor disease in Latin America and possibly 
other areas in the world. 

Preparation of Improved Oral Killed Cholera Vaccines 

An improved oral killed cholera vaccine can be 
prepared as follows. A minimum of two strains, 

25 preferably, selected from the Ogawa serotype (e.g., Bah- 
3), to the Inaba serotype (e.g., Peru-3, Peru-14, or 
Bang-3), and the Bengal serotype (e.g., Bengal-2 or 
Bengal-3) can be grown in separate cultures. One of 
ordinary skill in the art will know how to adjust the 

30 conditions, media, etc. to maximize cell growth at 37 ®c. 
For example, cultures grown under a high level of 
aeration in a medium such as CYE (Hekalanos et al., 1977, 
Infect. Immun. 16:789) or minimal medium containing 
glucose, i.e., AGM4 (van de Walle et al., 1990, Appl. 

35 Microbiol. Biotechnol. 33:389) can be used. When growth 
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of the bacteria has reached saturation, whole cells can 
be recovered from the medium by centrifugation, while 
proteins (including the B subunit) contained within the 
supernatant fraction can be obtained by 
5 ultracentrifugation or by precipitation • The cells can 
be inactivated using the methods of Black et al. (Infect. 
Immun. 55:1116, 1987) or by milder methods (e.g«, 
microwaving, irradiation using alpha, beta or gamma 
rays) , treatment with organic solvents such as ethanol or 

10 acetone, or they may be lysed by treatment with either a 
detergent or by mechanical methods, such as sonication or 
by using a French Press. The inactivated cells can then 
be combined with filtered, concentrated supernatant 
containing bacterial proteins (including subunit B) and 

15 the mixture can be suspended in a pharmaceutical ly 

acceptable solution appropriate for oral administration 
(e.g., sterile saline or 2% sodium bicarbonate). 
Administration The vaccine can be administered to the 
vaccinee as an oral saline solution which is swallowed by 

20 the vaccinee several minutes after the vaccinee has 

ingested 2 grams of sodivim bicarbonate. Alternatively, 
the preparation can be lyophilized and compressed into 
tablets which are then coated with an acid-resistant 
"enteric coating" prior to administration to the 

25 vaccinee. The tablets can also be microencapsulated with 
polymers in order to facilitate uptake of the preparation 
by the intestinal mucosal tissue. 
Dosage A single dose of vaccine should contain 
approximately 10^^ cells and approximately 100-5000 fxg of 

30 cholera B subunit. It is expected that the vaccinee will 
require approximately two or more separate doses of 
vaccine administered approximately two or more weeks 
apart • 
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Deposit 

Under t:he t:enns of t:he Budapest Treaty on the 
International Recognition of the Deposit of 
Hiciroorganisins for the Purpose of Patent Procedure, 
5 deposit of cholerete strains C6709-Sin, P27459-Sm, 

E7946-Sin, Bengal-2, Bengal-3, MOlO, and Peru-14 have been 
made with the American Type Culture Collection (ATCC) of 
Rockville, Maryland, USA, where the deposits were given 
ATCC Accession Numbers ATCC 55331 (C6709-Sm) ; ATCC 55333 
10 (P27459-Sm) ; ATCC 55332 (E7946-Sm) ; ATCC 55436 (0139, 
Bengal-2; ATCC 55437 (0139, Bengal-3); and ATCC 55438 
(0139, MOlO) . Peru-14 was deposited with the ATCC June 
30, 1993. 

Applicant's assignee. President and Fellows of 

15 Harvard College, represents that the ATCC is a depository 
affording permanence of the deposit and ready 
accessibility thereto by the public if a patent is 
granted. All restrictions on the availability to the 
public of the material so deposited will be irrevocably 

20 removed upon granting of a patent. The material will be 
available during the pendency of the patent application 
to one determined by the Commissioner to be entitled 
thereto under 37 C.F.R. 1.14 and 35 U.S.C. § 122. The 
deposited material will be maintained with all the care 

25 necesseiry to keep it viable and tincontaminated for a 
period of at least five years after the most recent 
request for the furnishing of a sample of the deposited 
material, and in any case, for a period of at least 
thirty (30) years after the date of deposit or for the 

30 enforceable life of the patent, whichever period is 

longer. Applicant's assignee acknowledges its duty to 
replace the deposit should the depository be unable to 
furnish a seimple when requested due to the condition of 
the deposit. 



wo 94/01533 PCr/US93/06270 



- 52 - 
BEOnSNCE I.ISTINQ 

(1) OENERAL INFORMATION: 

(i) APPLICANT: Mekalanos, John J. 

(ii) TITLE OP INVENTION: DELETION MUTANTS AS 

VACCINES FOR CHOLERA 
(ill) NUMBER OF SEQUENCES: 6 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Fish & Richardson 

(B) STREET: 225 Franklin Street 

(C) CITY: Boston 

(b) STATE: Massachusetts 

(E) COUNTRY: U.S.A. 

(F) ZIP: 02110-2804 
(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5*' Diskette, 1.44 Mb 

(B) COMPUTER: IBM PS/2 Model 50Z or 55SX 

(C) OPERATING SYSTEM: MS-DOS (Version 5.0) 

(D) SOFTWARE: WordPerfect (Version 5.1) 
(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 
(Vli) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(vlii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Freeman, John W. 

(B) REGISTRATION NUMBER: 29,066 

(C) REFERENCE/DOCKET NUMBER: 00742/007001 
(iZ) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (617) 542-5070 

(B) TELEFAX: (617) 542-8906 

(C) TELEX: 200154 

(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Zi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CCTAGT6CGC ATTATGT 17 
(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 2: 
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(i) SEQUENCE CH2^RACTERISTIC8 : 

(A) LENGTH: 52 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



TAAACCTA6A 6ACAAAAT6T TCCTA6TGC6 CATTAT6TAT 6TTATGTTAA AT 52 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 3: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 

(B) TYPE: nucleic acid 

(C) STR2kNDBDNESS: single 

(D) TOPOLOGY: linear 

(zi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



TAAACCTAGA GACAAAATGT TCCTA6TGCG CATTATGTGG CGCGGCAT 48 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



AAACCCTAGA TTCCGCCGCC TTAGTGCGCA TTATGTATGT TATGTTAAAT 50 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: 5: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 

(B) TYPE: nucleic acid 

(C) STRl^NDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
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GG6CTAAAGT TAAAA6ACAA ATATTTTCAG GC 32 



(2) INFORMATION FOR SEQUENCE IDENTIFICATION NUMBER: .6: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) topology; linear 

(Zi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



GG6TAGAAGT GAAACGGG6T TTACCG 26 
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What is claimed is: 

!• A nontoxinogenic genetically stable mutant 
strain of V. cholerae, said strain being a genetically 
engineered deletion mutant lacking DNA encoding a 
5 functional ctxA subunit, said mutant further lacking any 
functional attRSl sequences. 

2. A method of making a genetically stable 
mutant strain of V. cholBras lacking DNA encoding a 
functional ctxA subunit and fxirther lacking any 

10 functional attRSl sequences, said method comprising 
introducing into a wild type V. cholerao a 
plasmid comprising a fragment of V. chol^rae DNA which is 
mutated in its ctxA and attRSl sequences, said DNA being 
capable of recombining with wild type cholerae DNA 

15 inside said V. cholerae resulting in the generation of 
said mutant strain. 

3. The V. cholerae strain of claim 1, wherein 
said strain is derived from a parental strain belonging 
to the El Tor serogroup. 

20 4, The V. cholerae strain of claim 3, wherein 

said strain is derived from a parental strain belonging 
to the Inaba or Ogawa serotype. 

5. The V. cholerae strain of claim 4, wherein 
said strain is Peru-2, Bang-2 or Bah-2. 

25 6. The V. cholerae strain of claim 1, wherein 

said strain is derived from the non-01 serogroup. 
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7. The V. cholBraB st:rain of claim 1, wherein 
said strain lacks CTX core sequences and is fully deleted 
for all said attRSl sequences. 

8. The V. cholorae strain of claim 1, wherein 
5 said strain further lacks a functional recA gene. 

9. The V. cholorae strain of claim 1, 7 or 8, 
wherein said strain further encodes a B subunit of 
cholera toxin. 

10. The V. cholerae strain of claim 1, 7 or 8, 
10 wherein said strain further encodes a heterologous 

antigen. 

11. The V. cholerae strain of claim 10, 
wherein said heterologous antigen is a Shiga-like toxin 
or a Shigella lipopoly saccharide antigen, or an ^. coli 

15 fimbrial antigen or an HIV antigen. 

12. The V. cholerao strain of claim 10, 
wherein the DNA sequence encoding said heterologous 
antigen is inserted into the lacZ gene of V. choleraB. 

13. The V. choleras strain of claim 9, wherein 
20 said strain is Peru-3, Peru-4, Bang-3, Bah-3 or Bah-4. 

14. The method of claim 2, wherein said V. 
cholerae strain is Peru-2, Bang-2 or Bah-2. 

15. The method of claim 2, wherein said mutant 
strain lacks CTX core sequences and all attRSl sequences. 

25 16. The method of claim 2, wherein said mutant 

strain further lacks a functional recA gene. 
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17 • The inet:hod of claim 2, wherein said mut:ant: 
strain fiirther encodes a heterologous antigen. 

18. The method of claim 2, wherein said method 
further comprises introducing into the lacZ gene of said 

5 mutant strain a fragment of DNA encoding an antigen. 

19. The method of claim 18, wherein said 
mutant strain is Peru-5, Bang-5 or Bah-5. 

20. A killed oral cholera vaccine, said 
vaccine comprising at least a first and a second V. 

10 cholerae strain suspended in a physiologically acceptable 
carrier, wherein each strain lacks DNA encoding a 
functional ctxA subunit, and wherein at least two of said 
strains are different serotypes, said V. cholerete being 
non-viable, said vaccine further comprising cholera toxin 

15 B subunit which is overproduced by at least one of said 
serotypes of said V. cholerae strain. 

21. The vaccine of claim 20, wherein one of 
said serotypes is an Ogawa serotype and another of said 
serotypes is an Inaba serotype. 

20 22. The vaccine of claim 21, wherein said 

vaccine comprises Bah-3 and either Peru-3 or Bang-3 or 
both Peru-3 and Bang-3. 

23. A nontoxinogenic genetically stable mutant 
strain of V. cholerae, said strain being a genetically 
25 engineered deletion mutant lacking DNA encoding a 

functional ctxA subunit, said strain being a soft agar 
penetration-defective mutant. 
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24. A vaccine comprising at least two 
different strains of V. cholerae according to claim 23, 
one of said strains being derived from Peru and the other 
being derived from Bengal. 

5 25. The vaccine of claim 24, wherein each of 

said strains is ctx", att", and recA". 

26. The vaccine of claim 23 wherein said 
strain is att-. 

27. A method of making a killed V. cholerae 
10 vaccine, said method comprising the steps of 

providing at least the first and second V. 
cholejrae strains of claim 20, which strains have been 
killed; 

adding to said killed strains cholera toxin B 
15 subunit produced by at least one of said strains, wherein 
said toxin B subunit is obtained from the medium in which 
said strain was propagated; and 

suspending said killed strains and said toxin B 
subunit in a physiologically acceptable carrier. 

20 28. A vaccine comprising the strain of claim 1 

in a physiologically acceptable carrier. 

29. The V. cholerae strain of claim 4, wherein 
said strain is Peru-14. 

30. The V. cholerae strain of claim 6, wherein 
25 said strain is of the Bengal serogroup. 

31. The V. cholerae strain of claim 6, wherein 
said strain is Bengal-2 or Bengal-3. 
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32. The V. choleraB s1:raln of claim 23, 
wherein at least 25% of the cells of said strain are 
capable of forming fillamentous structures of 15nM or 
greater under conditions of stationary phase growth. 
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Previous studies with saccharide-protein conjugates have demonstrated that antibody responses to the 
saccharide can be improved by the preexistence of carrier immunity. Here we report that prior exposure to the 
carrier protein can either enhance or suppress antibody response to polysaccharides administered in sac- 
charide-protein conjugates. A dose-dependent role for carrier priming in the antisaccharide antibody response 
to three saccharide-protein conjugate vaccines, i.e., a Streptococcus pneumoniae type 4 polysaccharide-tetanus 
toxoid (TT) conjugate (PS4TT), a Neisseria meningitidis group C polysaccharide-TT conjugate (MenCTT), and 
a^V. meningitidis group C oligosaccharide-diphtheria mutant toxin conjugate (MenCCRM), was investigated. 
The results showed that an increase in the antipolysaccharide antibody response could be obtained for both 
PS4TT and MenCTT but not for MenCCRM with low-dose carrier priming (0.025 to 0.25 (xg). However, 
suppression of the antipolysaccharide antibody response was observed with the PS4TT and MenCTT vaccines 
with high-dose (25-M.g) carrier priming. There was no suppression efifect with MenCCRM. The increase in the 
antipolysaccharide antibody response was shown to be restricted to the immunoglobulin Gl (IgGl) subclass, 
whereas suppression with high-dose carrier priming affected all antipolysaccharide subclass antibodies induced 
by PS4TT (IgGl, IgG2b, and IgG3) and only two of the four subclass antibodies induced by MenCTT (IgG2a 
and IgG2b). The increase in the antipolysaccharide antibody response was also present at the antipolysaccha- 
ride IgM antibody level but was not observed at the anti-carrier IgG antibody level. 



The enhancement of the immunogenicity of polysaccha- 
rides by coupling polysaccharides or oligosaccharides to 
proteins has been amply demonstrated (1. 2. 4. 7, 9. 14). In 
most cases, saccharides have been coupled to large immu- 
nogenic proteins such as tetanus toxoid (TT) or diphtheria 
toxoid (DT). These proteins are chosen in most studies 
because both have been employed for human vaccination for 
many years without untoward side effects. Moreover, since 
most individuals are immunized with TT and DT, the re- 
sponse against a hapten coupled to carriers like TT and DT 
potentially can be improved by the preexistence of anticar- 
rier immunity. However, the antibody response to a hapten 
coupled to the carrier protein can also be inhibited when the 
recipient has been previously immunized with the unmodi- 
fied protein. This phenomenon has been termed carrier- 
induced epitope suppression (17) and was recently demon- 
strated to occur with a number of synthetic peptide-protein 
conjugates (10, 19. 20, 27, 28, 31). In humans, carrier- 
induced epitope suppression has been described for syn- 
thetic peptides coupled to TT (10, 14). Several investigators 
suggested that epitope suppression could also occur upon 
vaccination with saccharide-protein conjugate vaccines in 
human adults (7. 8. 16), but experimental evidence was not 
given. Carrier priming with one dose of carrier protein has 
been shown to have a positive effect on the polysaccharide 
response (8, 16). 
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The application of saccharide-protein conjugates is of 
primary importance in inducing protective immunity against 
infection with several encapsulated bacteria in infants and in 
elderly and immunodeficieni patients. Therefore, we inves- 
tigated in an animal model the role of carrier priming on the 
antibody response to a saccharide-protein conjugate. Since 
different saccharides can be coupled to TT. it is important to 
know whether the influence of carrier priming is similar with 
different saccharides when TT is used as a carrier. We found 
that preimmunization with low doses of TT enhanced the 
antibody response to Streptococcus pneumoniae type 4 
polysaccharide (PS4) and meningococcal group C (MenC) 
polysaccharide upon vaccination with TT conjugates of 
these polysaccharides. High doses of carrier priming, how- 
ever, inhibited a conjugate-induced antipolysaccharide anti- 
body response. Carrier priming with DT did not affect an 
antibody response to a MenC oligosaccharide-mutant DT 
(CRM197) conjugate {MenCCRM197). 

MATERIALS AND METHODS 

Animals. One-week-old male and female and 8- to 12- 
week-old female NIH/RIVM mice (random outbred strain) 
were used. They were bred and kept at the National Institute 
of Public Health and Environmental Protection. 

Antigens. In this study, three different saccharide-protein 
conjugates were used. A polysaccharide-TT conjugate of 5. 
pneumoniae type 4 (PS4TT) with a polysaccharide protein 
ratio of 0.7: 1 ( wt/wt) was prepared by using the carbodiimide 
coupling procedure as described eariier (21). In brief. PS4 
was activated with cyanogen bromide and subsequently 
coupled to a spacer 6-aminohexanoic acid. The purified 
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product of this reaction was coupled to IT by using 1- 
ethylOO-dimethylaminopropyDcarbodiimide. Polysaccharide- 
protein conjugates were purified by gel filtration on a Seph- 
arose CL-4B column. The second polysaccharide-protein 
conjugate used was a conjugate of MenC and TT (MenCTT) 
with a polysaccharide/protein ratio of 1;1 (wt/wi) The con- 
jugate was prepared by using methods similar to those 
descnbed above for PS4TT (4). 

In addition, an experimental oligosaccharide-mutant DT 
conjugate (CRM 197) vaccine of Neisseria meningitidis group 
C (MenCCRM) was used. Oligosaccharides of MenC poly- 
saccharide, obtained by mild periodate oxidation were 
coupled to CRM 197 with a sacchande-to-protein ratio of 
1:2.5 by using reductive amination (2). 
_ U ^S'* ?T '^^'■^ purchased from the National Institute of 
inib ic Health and Environmental Protection. Bilthoven The 
Netherlands. 

Immunization scheme. Groups of 8 to 10 mice were immu- 
nized subcutaneously (s.c.) with 0.1-ml solutions of variable 
doses (ranging from 0.025 to 25 ^g) of TT or DT in 0.9% 
NaCI. A s.c. second immunization with the saccharide- 
protein conjugate containing 0.5 ng of saccharide was given 
42 days after earner priming. Neonatal mice were primed 
with vanable doses of TT at 1 week of age and were 
immunized with 0.5 ^g of conjugate (containing 0 5 llb of 
saccharide) at days 28 and 56 after carrier pnming. Blood 
samples were obtained from the tail veins at various times 

,«oJ!."""""'^^"°" "^^ conjugate. Sera were stored at 
-20 C until use. 

Anti^y titers. Antibody titers against MenC polysaccha- 
nde. PS4. p. and DT were determined by enzyme-linked 
immunosorbent assay as described below. 

Wellsof highly activated immunoassay microplates (Flow 
Irvine, United Kingdom) were coated with rabbit anti-PS4 
antibodies (State Serum Institute. Copenhagen. Denmark) in 
a05 M carbonate buffer (pH 9.6). After incubation for 3 h at 
ii L. plates were washed and incubated overnight at 4°C 
with 1 ^gof PS4 (American Type Culture Collection. Rock- 
viUe Md ) per ml in 0.9% NaCI. For the detection of 
anti-MenC polysaccharide antibodies, microplates were 
coated with sheep antibodies to MenC polysaccharide (10 
(ig/ml) (3) in 0.01 M phosphate-buffered saline (PBS pH 7 ">) 
overnight at room temperature, washed, and incubated wiTh 
ftll 1?°'^"''^"''*' ^^-^ ''8/ml) (National Institute of 
sn'/n niAf^ I Environmental Protection) in PBS-Tween 
80 (0.05%)-bovine serum albumin (0.5%) for 2 h at 37°C For 
the determination of anticarrier antibody responses mi- 

h^^Jr^'^'fn ^/'if/°^L^*^ "^'^^ °^ <1 ^^S/'"'> i" carbonate 
buffer (0.05 M. pH 9.6) overnight at room temperature. 
Subsequently, all coated plates were washed and then incu- 
bated for 2 h at 37«C with threefold serial dilutions of serum 
samples m PBS containing 0.05% (vol/vol) Tween 20 and 1% 
(wt'vol) bovine serum albumin. Plates were washed again 
and incubated for 2 h at 37T with alkaline phosphatase- 
conjugated goat anti-mouse immunoglobulin (Ig) antibodies 
(Southern Biotechnology Associates, Birmingham, Ala ) 
which detect IgG. IgM. IgGl. [gG2a. lgG2b. and lgG3' 
Plates were washed and incubated with the phosphatase 
substrate p-nitrophenylphosphate (Sigma, St. Louis Mo ) at 
a concentration of 1 mg/ml in 10% diethanolamine buffer (pH 
y.8). After 30 to 60 mm of incubation at room temperature 
the reaction was stopped by the addition of 50 (xl of 2.4 N 
NaOH and the A^^ was read by using a Titertek Multiscan 
hLlSA reader (Flow). All antibody titers were expressed as 
percentages of a hyperimmune serum either for PS4 or 
MenC polysaccharide or for TT or DT. 



To exclude interference by antipneumococcal cell wall 
polysaccharide antibodies in the determination of IgM an?i 
PS4 ant.bod.es. all sera were adsorbed with soluble cell wa | 
polysaccharide CPs; State Serum Institute). To tha end 
soluble cell wall polysaccharide at a concentration of 250 
jxg/ml was added to the dilution buffer dunng serum incuba 
tion as descnbed in detail elsewhere (22) 

Statistical analysis. Results are expressed as loganthmic 
mean titers of /i independent observations - standard devi- 
ation. Geometnc mean (antilog) titers are expressed in 
parentheses. Significance was tested by a one-way or two- 
way analysis of variance. Dunnett s con-ection (12) was used 
to compare the different treatment groups with the control 
group. 

RESULTS 

Effect of preimmunization with carrier on antibody re- 
sponses to polysaccharide-protein conjugates in adult mice. In 
order to .nvestigate the dose dependency as well as the 
spec.fic.ty of carrier pricing, animals were immunized with 
various amounts (0.025 to 25 ^g) of carrier protein (TT or 
U I ). Six weeks later, animals were immunized with 0 5 ag of 
a sacchande-protein conjugate. Anti-polysaccharide IgG an- 
tibodies as measured on day 21 after immunization with the 
conjugate are shown in Table 1. Mice which were preimmu- 
nized with a low dose of earner protein (0,025 iig of TT) 
before administration of the polysaccharide-protein conju- 
gates (MenCTT or PS4TT) had antipolysacchande antibod- 
ies higher than those of mice injected with saline or an 
irrelevant earner protein (DT). This effect was statistically 
significant for mice immunized with MenCTT iP < 0.01) 
after carrier priming but not for mice immunized with PS4TT 
after earner pnming. When mice were primed with a high 
dose of earner protein (25 ng) before immunization with the 
poly sacchande-protein conjugates, the antipoly saccharide 
antibody response was suppressed, unlike the response in 
mice pnmed with a high dose of in-elevant protein or saline 
In mice immunized with PS4TT. the lower anti-PS4 antibody 
response was statistically significant (P < 0.01). Mice immu- 
nized with MenCTT after being primed with 25 p-g of TT 
showed a tendency to a lower antipolysaccharide antibody 
response: however, differences from their respective con- 
trols were not significant. In contrast to results with the 
polysacchande-TT conjugates, no effect of earner priming 
on the antipolysaccharide IgG antibody response induced by 
the oligosacchande-protein conjugate vaccine MenCCRM 
could be observed after priming at any dose level of DT 
'^G antibody responses in mice primed with 25 iig 
of TT and reimmunized with PS4TT did not differ from those 
of mice pnmed with 2.5 pig of TT (Fig. 1). Either low- or 
high-dose earner pnming enhanced the anti-PS4 IgM anti- 
body response (P < 0.01) but did not affect anti-MenC 
polysacchande IgM antibody responses (Table 2). The in- 
hibiting effect of high-dose (25-|jig) carrier priming was thus 
limited to the antipolysaccharide IgG antibody response. 

Effect of preimmunization with carrier on antibody re- 
sponses to a polysaccharide-protein conjugate in neonatal 
mice. Of interest is whether the effects in neonatal mice of 
earner pnming on the polysaccharide antibodv response, 
when the polysaccharide is administered as pan of a 
polysaccharide-protein conjugate, are similar to the effects 
observed in adult mice. Neonatal mice were immunized with 
vanable doses of TT at 1 week of age and then with 0.5 p.g of 
PS4TT at 5 weeks of age. As in adult mice, low-dose carrier 
pnming (0.025 ixg of TT) of neonatal mice enhanced a 
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TABLE 1. Dose -de pendent effects of carrier priming on 
antipolysaccharide IgG antibody level to saccharide-protein 
conjugates in adult mice 



Primary 
mmunization 
and ami 


Secondary 
immunization^ 


Mean logto titer 
r SD (GMTr 


No. of 
responding 
mice/iotal 

no. of 


Saline 


PS4TT 


2.079 - 0.856 (120) 


8/9 


TT 








0.025 


PS4TT 


2.735 - 0.442 (544) 


10/10 


0.25 


r ijH 1 1 


i./JU _ U.444 03/) 


10/10 


2.5 


PS4TT 


1.568 - 0.582 (37) 


7/10 


25 


PS4TT 


1.000 i 0.723 (10) 


5/10*^ 


DT 








0.025 


PS4TT 


2.225 ± 0.746 (168) 


10/10 


0.25 


PS4TT 


2.393 ± 0.804 (247) 


9/10 


2.5 


PS4TT 


2.097 - 0.833 (125) 


9/10 


25 


PS4TT 


2.143 - 0.698 (139) 


9/10 


Saline 
TT 


MenCTT 


2.519 - 0.413 (416) 


10/10 


0.025 


MenCTT 


3.412 r 0.250 (2.583) 


10/10^ 




ivien^_ I 1 


3. 14!> r U.3^ ( 1 ,395) 


10/10*^ 


2.5 


MenCTT 


2.491 - 0.290 (310) 


10/10 


25 


MenCTT 


2.238 * 0.279 (173) 


10/10 


DT 








0.025 


MenCTT 


2.677 ± Q.276 (475) 


10/10 


0.25 


MenCTT 


2.599 - 0.294 (397) 


10/10 


2.5 


MenCTT 


2.816 - 0.427 (655) 


10/10 


25 


MenCTT 


2.413 ± 0.436 (259) 


10/10 


Saline 
TT 


MenCCRM 


2.117 r 0.648 (131) 


10/10 


0.025 


MenCCRM 


2.164 ± 0.364 (146) 


10/10 


0.25 


MenCCRM 


1.851 * 0.326 (71) 


10/10 


2.5 


MenCCRM 


1.832 ± 0.348 (68) 


10/10 


25 


MenCCRM 


1.881 ± 0.393 (76) 


10/10 


DT 








0.025 


MenCCRM 


1.875 r 0.419 (75) 


10/10 


0.25 


MenCCRM 


2.428 - 0.396(268) 


10/10 


2.5 


MenCCRM 


2.382 i 0.253 (241) 


10/10 


25 


MenCCRM 


1.996 ± 0.499 (99) 


10/10 



" Groups of 8 to 10 mice were immunized s c. 
Mice were immunized s.c. with 0.5 ^.g of saccharide-protein conjugate on 
day 42 after immunization with the carrier. 

" Expressed as percentage of a reference serum at day 21 after immuniza- 
tion with the conjugate vaccine. GMT. geometric mean titer (antilogt. 

P < 0.01. P value was based on comparisons with controls not immunized 
with TT or DT prior to vaccination with the conjugate vaccine. 



conjugate-induced anti-PS4 antibody response by both the 
IgM and IgG isotypes (Fig. 2). High-dose carrier priming 
resulted in suppression of the conjugate-induced anti-PS4 
IgG antibody response. The phenomena of enhancement and 
inhibition of anti-PS4 antibody formation after carrier prim- 
ing therefore were operative in both adult and neonatal mice. 
Neonatal mice were immunized a second time with PS4TT at 
9 weeks of age, and this immunization resulted in an 8.4-fold 
increase in anti-PS4 IgG antibodies in low-dose (0.025-^g)- 
carrier-primed mice. In nonprimed animals, the anti-PS4 IgG 
antibody response increased only 3.6-fold upon a second 
immunization with PS4TT (Fig. 2). In high-dose-carrier- 
primed mice, no increase in either PS4 IgM or PS4 IgG 
antibodies could be observed upon secondary immunization 
with the conjugate (Fig. 2). The consequences of carrier 
priming thus remained clear even after repeated immuniza- 
tion with the conjugate vaccines. Statistical analysis of data 



10.000 3 




0 .025 .25 2.5 25 



tetanus toxoid 

FIG. 1. Dose-dependent influence of TT priming on the anti-TT 
IgG antibody response to a polysaccharide-protein conjugate in 
adult mice. Groups of 10 mice were immunized with various 
amounts of TT (0 to 25 ^lg). .^nti-TT IgG antibodies were analyzed 
ai day 28 after immunization (A). All mice were reimmunized with 
PS4TT. containing 0.5 ^lg of saccharide, at day 28 after immuniza- 
tion with the carrier. Anti-TT IgG antibodies were also analyzed at 
day 21 after injection with the conjugate (A). Anti-TT IgG antibody 
tilers are shown as geometric means ::: 1 standard deviation. 



from both neonatal and adult mice showed a significant 
increase in the anti-PS4 IgG antibody response iP < 0.01) of 
low-dose-carrier-primed mice reimmunized with the conju- 
gate and a significant decrease iP < 0.05) in the anti-PS4 IgG 
response of high-dose-carrier-primed mice reimmunized 
with the conjugate. 

Influence of TT priming on IgG subclass distribution of 
antipolysaccharide antibodies. Preimmunization with TT may 
also influence the IgG subclass distribution of the anti- 
polysaccharide antibody response. Results in Table 3 show 
that upon low-dose carrier priming, the increased levels of 
anti-MenC polysaccharide IgG antibodies were mainly due 
to an increase in the IgGl subclass (P < 0.01). The IgG2b 
subclass increased to a lesser extent {P < 0.05), whereas the 
lgG3 antibody level was significantly decreased iP < 0.05). 
No effect on the IgGZa antibody level was observed with 
low-dose carrier priming. The increase in IgGl antibodies 
was also observed with PS4TT but not with the oligosaccha- 
ride-protein conjugate MenCCRM. High-dose carrier prim- 
ing showed suppression of all IgG subclasses (IgGl, IgG2b, 
and IgG3) iP < 0.05) with the PS4TT vaccine, whereas 
suppression of the antipolysaccharide immune response to 
MenCTT (which induces IgGl, lgG2a. lgG2b. and IgG3 
antibodies) was evident only for the IgG2a iP < O.OI) and 
IgGZb antibodies. No effect of high-dose carrier priming was 
observed with the oligosaccharide-protein conjugate vaccine 
which induced predominantly antipolysaccharide antibodies 
of the IgGl subclass. 

In neonatal mice, the effects of low- and high-dose carrier 
priming on the antipolysaccharide IgG subclass distribution 
upon immunization with the PS4TT vaccine were similar to 
those found in adult mice (data not shown). 
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TABLE : Eereci of earner priming on antipolysaccharide leM 
antibody level to saccharide-protein conjugates in adult mice 



10.000 



Primary 
immumzation 
and a/nt 



Secondary 
rmmunization* 



Mean log,o titer 
SD (GMTr 



No. of 
responding 
micc/totaJ 

no. of 
mice tested 



Saline 
TT 

0.025 
0.25 
2.5 
25 
DT 

0.025 
0.25 
2.5 
25 ' 

Saline 
TT 

0.025 
0.25 
2.5 
25 
DT 

0.025 
0.25 
2.5 
25 

Saline 
TT 

0.025 
0.25 
2.5 
25 
DT 

0.025 
0.25 
2.5 
25 



PS4TT 

PS4TT 
PS4TT 
PS4TT 
PS4TT 

PS4TT 
PS4TT 
PS4TT 
PS4TT 

.MenCTT 

MenCTT 
MenCTT 
MenCTT 
MenCTT 

MenCTT 
MenCTT 
MenCTT 
MenCTT 

MenCCRM 

MenCCRM 
MenCCRM 
MenCCRM 
MenCCRM 

MenCCRM 
MenCCRM 
MenCCRM 
MenCCRM 



0.954 - 0.279 (9) 


8/9 


1.740 - 0-265 (55) 


6/6^ 


1 663 0 IJIR 


iU/llr 


1.491 - 0.252 (31) 


10/10^ 


1.568 ± 0.344 (37) 


8/8^ 


1-000 i 0.338 (10) 


7/8 




10/10 


1.113 ± 0.399 (13) 


7/10 


0 954 -*- n AW /0» 


8/10 


2.364 - 0.207 (231) 


9/9 


2.472 - 0.236 (297) 


10/10 




10/10 


1.857 - 0.207 (72) 


8/8 


1.991 - 0.201 (98) 


10/10 


2.272 - 0.127 (187) 


10/10 


2.410 * 0.292 (257) 


10/10 


2.332 - 0.301 (215) 


10/10 


2.232 r 0.326(171) 


10/10 


1.397 * 0.250 (25) 


9/9 


1-176 * 0.312 (15) 


8/10 


1.114 r 0.265 (13) 


8/10 


1.230 r 0.250(17) 


9/10 


1.041 - 0.190(11) 


8/10 


1.362 ± 0.538 (23) 


8/10 


1.875 - 0.378 (75) 


10/10 


1.633 tL 0.449 (43) 


10/10 


1.255 t 0.350 (18) 


9/10 



^ Group? of 8 to 10 mice were immunized s.e 
Mice were immunized s.c. with saccharide-protein conjugate, containing 
0.5 of saccharide, at day 42 after immunization with the carrier 

tion wS" ''^P«^«"«»8'.°f V'f'^'"" =" <*^y '1 "ferimmuniza- 

"p I n m ° "■^"'"^ ^^'^ g^metric mean titer (aniiiog). 

/■ < 0.01. P values were based on compari.sons with controls not 
■mmuntzed w„h TT or DT prior to vaccination with the conjugate vaccine 



DISCUSSION 

This study was performed to investigate whether carrier 
pnming affects the antibody response to polysaccharides 
When DT or TT is used as a carrier protein in saccharide- 
protein conjugate vaccines. It is known from earUer studies 
with hapten-camer and synthetic peptide-carrier conjugate 
vaccines that the antibody response to the hapten conjugated 
to a protein can be either suppressed or enhanced by prior 
immunization with the carrier protein alone. Previous obser- 
vations in mice have shown that preimmunization with the 
earner protein and a Haemophilus influenzae type b polysac- 
chande-bovme serum albumin conjugate enhances the anti- 
polysaccharide antibody response (24|. Similar observations 
have been made by other investigators who used the same 
saccharide and the pneumococcal serotype 6A capsular 
polysaccharide coupled to other carrier proteins (1. 3. 6 25 
26). The phenomenon of epitope suppression has been 
descnbed for haptens, small peptides, and polymeric syn- 



S too 




0 .OK J5 2.5 25 



pr^n, «... ,„ ^^^^ ^^^^ 1^ 

I J'f„H"i >S°"" k'^.*"?"' Of carrier priming on anli-PS4 

IgG and IgM antibody levels after two vaccinations with PS4-rr in 
neonatal mice. Groups of 8to 10 l-week-old mice were immunized 

after ™ ^7""" f T '° '° ^""^ *«ks 

after '•"7"l^/':°" *''h 'he carrier, all mice were vaccinated with 

^er,.m c Pf^TT- Anti-PS4 IgM (left) was analyzed in individual 
nXi T 1 '^^^ ^ '""""nization. and anti-PS4 IgG 

am.bod.es (nght. were analyzed at day 28 after immunization (open 
bars). A second vacctnat.on wi,h the conjugate was given 4 weeks 
l^yj'^TV 'he conjugate. Anti-PS4 IgM and 

on days 8 and 21. respectively, after the second vaccination with the 
conjugate (shaded bars). 



thetic peptides coupled to the carrier protein but not for 
polysacchandes or oligosacchandes until now. Our data 
indicate that apart from enhancement of the antisaccharide 
antibody response, suppression can also occur by carrier 
pnmmg when high-molecular-weight capsular polysaccha- 
rides are coupled to proteins. In a number of other systems 
It has been demonstrated that concomitant immunization 
with earner protein and conjugate vaccine does lead to a 
higher antipolysaccharide response (6, 25). Enhancemem of 
the antipolysaccharide antibody response was observed in 
T low-dose carrier priming for PS4TT and 

MenCTT. It was observed that low-dose carrier priming 
especially increased IgGl and lgG2b antipolysaccharidi 
antibodies. Since both IgGl and IgG2b (IgGl > > IgG2b) are 
subclasses restricted to a typical T-cell-dependent antibody 
response in mice (29). it might be suggested that an increase 
in carrier-specific T-cell help resulted in a more T-cell- 
dependent antibody response. Antibodies of the IgG3 sub- 
class are predominantly induced in an immune response to 
1 -cell-independent type 2 antigens (such as polysaccharides) 
Dc..^^'^^ '"'"O'" quantities upon vaccination with 

FMTT and MenCTT. Antibodies of this subclass were 
observed to be decreased after low-dose carrier priming and 
subsequent vaccination with MenCTT. This might indicate 
that the antipolysaccharide antibody response indeed 
switched to a more T-cell-dependent character. Remarkable 
was that the doses of TT used for priming that caused 
enhancement of the antipolysaccharide response induced by 
TT-conjugated polysaccharide did not induce detectable 
anti-TT antibody levels after primary immunization (Fig. I). 
Increasing the priming dose of carrier to 2.5 (ig per animal 
which results in detectable anti-TT antibodies, abrogated the 
positive effect of carrier priming on the antipolysaccharide 
antibody response. In contrast to earlier observations, we 
were able to show that using a high dose of TT (25 jig per 
animal) administered as PS4TT or MenCTT for a priming 
dose suppressed the antipolysaccharide IgG antibody re- 
sponse. In agreement with data in the literature on hapten- 
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TABLE 3. Effect of carrier priming on IgG subclass distribution of antipoly saccharide antibodies 



Primary 
immunization 



Secondary 



Mean log^o titer 2: SD (GMT) for^: 



and amt 


immunization^ 




IgG I 




IgG2a 




IgG2b 




IgGi 


oaitne 
TT 


DC jiTTT 


2.076 2; 


0.857 ( 1 19) 






0.778 


2: 1.109 (6) 


1.255 


r 0.728 (18) 


0.025 


PS4TT 


2.759 z 


0.493 (574) 






1.204 


i 0.469(16) 


1.114 


= 0.474 (13) 


0.25 


PS4TT 


2.740 - 


0.480 (550) 






1.415 


2: 0.469 (26) 


1.146 


- 0.393 (14) 


2.5 


PS4TT 


1.462 r 


0.588 (29) 








0(1) 


0.301 


0.401 (2) 




DC yCT^T 

rb4 I 1 


0.778 - 


0.709 (6) 








0 (1) 


0.477 


r 0.487 (3) 


U 1 




















DC 

rM 1 I 


2.149 * 


0.833 (141) 






1.079 


± 0.865 (12) 


1.041 


* 0.478 (11) 


0.2 J 


PS4TT 


2.283 :i: 


1.276 (192) 






1.255 


0.582 (18) 


1.146 


* 0.506 (14) 


2.5 


PS4TT 


1.919 1: 


1.273 (83) 






1.041 


± 0.677 (11) 


1.000 


* 0.906 (10) 




PS4TT 


2.021 :t 


0.741 (105) 






0.778 


± 0.792 (6) 


1.362 


r 0.602 (23) 


baline 
TT 


MenCTT 


2.584 * 


0.459 (384) 


1.301 


± 0.468 (20) 


1.230 


± 0.418 (17) 


2.152 


* 0.334 (142) 


0.025 


MenCTT 


3.420 - 


0.340 (2.632) 


1.114 


i: 0.441 (13) 


1.785 


- 0.382 (61) 


1.380 


* 0.333 (24) 


0.25 


MenCTT 


3.157 * 


0.371 fl.436) 


0.778 


2: 0.558 (6) 


1.230 


0 '>83 (17) 


1.342 


— U. fcTU V ^— / 


2.5 


MenCTT 


2.393 - 


0.272 (247) 


1.000 


± 0.792 (10) 


1.301 


- 0.559 (20) 


1.813 


^ 0.380(65) 


25 


MenCTT 


2.267 * 


0.322 (185) 




0 (1) 


0.301 


- 1.123 (2) 


1.612 


* 0.464 (41) 


DT 
















0.025 


MenCTT 


2.694 - 


0.299 (494) 


1.380 


- 0.401 (24) 


1.322 


:t 0.742 (21) 


2.053 


- 0.238 (113) 


0.25 


MenCTT 


2.619 * 


0.344 ( 416) 


1.079 


i 0.800 (12) 


1.079 


± 0.497 (12) 


1.839 


* 0.238 (69) 


2.5 


MenCTT 


2.829 ± 


0.525 (674) 


1.643 


- 0.462 (44) 


1.256 


± 0.621 (18) 


2.100 


- 0.210 (126) 


25 


MenCTT 


2.459 i 


0.429 (288) 


0.778 


± 0.722 (2) 


1.000 


± 0.436 (10) 


1.778 


- 0.410 (60) 


Saline 
TT 


MenCCRM 


2.152 ::: 


0.613 (142) 














0.025 


MenCCRM 


2.217 * 


0.367 (165) 














25 


MenCCRM 


1.886 * 


0.344 (77) 














2.5 


MenCCRM 


1.892 ^ 


0.328 (78) 














25 


MenCCRM 


1.899 * 


0.386 (79) 














DT 




















0.025 


MenCCRM 


1.908 - 


0.410 (81) 














0.25 


MenCCRM 


2.507 ± 


0.420 (321) 














2.5 


MenCCRM 


2.407 - 


0.246 (255) 














25 


MenCCRM 


2.068 ± 


0.545 (117) 















" Individual scrum samples from 10 mice per cxpcrimcnial group were analyzed for antipolysaccharidc IgG antibodies 3 weeks after immunization with the 
saccharide-protein conjugates. Mice were primed with various amounts of TT or DT (0 to 25 pig per animal). 

" Six weeks after immunization with the carrier, mice were immunized with saccharide-protein conjugates, containing 0.5 of saccharide. 

*■ Given as percentage of a hyperimmune serum. GMT. geometric mean titer (aniilog). Anti-PS4 IgG antibodies of the IgG2a subclass were not increased 
compared with antibodies in nonimmune sera when mice were immunized with PS4TT after carrier priming. Only anti-MenC polysaccharide antibodies of the 
IgGl subclass were enhanced compared with antibodies in nonimmune sera when mice were immunized with MenCCRM after carrier priming. 



carrier and peptide-carrier conjugate studies, we could not 
observe an influence of high-dose carrier priming on the 
antisaccharide IgM antibody level. It has been suggested (8) 
that the use of high-dose carrier priming led to antihapten 
antibody responses with a T-cell-independent character. 
Since most polysaccharides are T-cell-independent type 2 
antigens, the T-cell-independent character of the anti- 
polysaccharide antibody response under epitope-suppressed 
conditions should be very clear in this study. However, 
analysis of the antipolysaccharidc IgG subclass distribution 
showed that all three subclasses (IgGl, IgG2b, and IgG3) 
which could be induced by PS4TT were suppressed upon 
high-dose carrier priming. With MenCTT. only IgG2a and 
IgG2b of the four contributing subclasses (IgGl. IgG2a, 
IgG2b, and IgG3) were significantly suppressed. The obser- 
vation that only IgG2a and IgGZb were suppressed by 
high-dose carrier priming was reported eadier by Herzen- 
berg et al. (17, 18). Our data do not support the hypothesis 
that the hapten behaves as a T-cell-independent antigen, 
since the IgG3 subclass, the antibody subclass preferentially 
induced by T-cell-independent antigens, would not be influ- 



enced by high-dose carrier priming. No indication for either 
low-dose-carrier-induced enhancement or high-dose-carrier- 
induced inhibition of the antipolysaccharidc antibody re- 
sponse could be observed when a DT-MenCCRM combina- 
tion was used. In contrast to results in the study by Vella and 
Ellis (30), no DT priming was necessary for the generation of 
an antipolysaccharidc antibody response with an oligosac- 
charide-mutant DT conjugate vaccine. CRM 197 differs from 
DT al a single amino acid position (15). It has, however, 
been demonstrated that there is a high degree of antibody 
cross-reaction (23) and T-cell cross-reactivity (5) between 
CRM197 and DT. The lack of epitope suppression in the 
DT-MenCCRM combination is therefore unlikely to be due 
to minor antigenic differences between the protein used for 
priming and the carrier protein of the conjugate. The absence 
of epitope suppression might be due to the lower immuno- 
geniciiy of DT compared with the immunogenicity of TT in 
NIH/RIVM mice; after primary immunization of mice with 
DT, we could hardly detect antibodies against DT even with 
the highest dose (25 jig) of DT used (geometric mean liter, 
<1). Another explanation might be the difference in confor- 
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mation and/or saccharide size of MenCCRM compared with 
those of MenCTT and PS4TT, which are prepared according 
to a similar coupling procedure and which contain the whole 
capsular polysaccharide. To our knowledge, there are two 
other studies in which the influence of high-dose DT priming 
on the antibody response to a peptide-DT or a saccharide- 
protem conjugate was reported (1. 14). In one study. DT also 
failed to mduce epitope suppression, whereas when TT was 
used as a carrier protein to the same peptide, suppression 
was mduced (14). In the study by Anderson (1), an improved 
antipolysaccharide antibody response occurred upon vacci- 
nation with the H. influenzae type b oligosaccharide-muiani 
DT conjugate in rabbits primed with 100 ^ig of carrier protein 
on aluminum phosphate adjuvant compared with nonprimed 
animals. 

In this study, we have used two TT-polysaccharide con- 
jugates and one CRM197-oligosaccharide conjugate, which 
IS apan from carrier protein and is also constructed differ- 
ently from the two TT conjugates. Therefore, variables such 
as the nature of the polysaccharide, the protein/polysaccha- 
nde ratio, and unidentified factors related to the particular 
construction and shape may have contributed to the inhibi- 
tory effects observed. No general rule on the effects of 
carrier priming can therefore be deduced from these exper- 
iments. The data do indicate, however, that high-dose car- 
rier priming may cause significant suppressive effects on the 
antipolysaccharide IgG antibody response induced by con- 
jugated polysaccharide. 

The mechanism responsible for suppression of the anii- 
hapien antibody response to hapten-carrier conjugates upon 
high-dose carrier priming is still unclear. Involvement of 
both T suppressor cells (13, 17-19, 27, 28) and carrier- 
specific B memory cells (13, 19, 27. 28) has been reported. 
Herzenberg et al. (17. 18) postulated activation of T suppres- 
sor cells. Schutze et al. (27, 28) showed the involvement of 
B memory cells in the phenomenon of epitope suppression. 
They argue that because of prior immunization with the 
carrier protein, a predominance of carrier-specific B-cell 
clones exists that competitively decreases the interaction 
between hapten-specific B cells and the hapten at the time of 
conjugate immunization. Another possible explanation 
might be that circulating antibodies against the carrier pro- 
tein are responsible for scavenging of the antigen or the 
formation of immune complexes which inhibit the immune 
response. 

Recent studies with H, influenzae type b polysaccharide- 
or oligosaccharide-protein conjugates show that these con- 
jugate vaccines are highly efficacious in preventing H. influ- 
enzae type b disease in infants and young children (32). 
These conjugate vaccines as well as new conjugate vaccines 
under development will therefore be used on a wide scale in 
the near future in order to protect children against infections 
by several encapsulated bacteria. In most cases, DT or TT 
will be used as the carrier protein in the conjugate vaccine. 
Because of the growing emphasis on TT immunizations in 
different health programs, it is important to be aware of a 
potential negative effect of the vaccination status of humans 
in their response to those conjugate vaccines. However, 
extrapolation of our observed data to the human situation 
should be made cautiously for several reasons. First, the 
induction of epitope suppression in mice required relatively 
high doses of carrier protein relative to body weight (25 \ig 
per animal), since only 10 to 15 ^g is used for immunizations 
m humans. However, we do not know whether sensitization 
by repeated injections with lower doses of TT can also 
induce epitope suppression. Second, in our study, mice were 



immunized only with TT, whereas in humans, TT is admin- 
istered together with diphtheria, pertussis, and poUo vac- 
cines m a combination vaccine. Two studies in mice have 
shown that the use of Bordetella pertussis vaccine and its 
adjuvant components can modulate immune suppression 
(17. 31). Thus, It IS possible that the pertussis component in 
the combination vaccine diminishes the potential for TT to 
cause epitope suppression in humans. Cleariy, more studies 
are needed to address the effect of carrier priming on the 
outcome of saccharide-protein conjugate vaccinations as 
well as to develop different ways of circumventing epitope 
suppression. 
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Adjuvant activity of Escherichia coli 
heat-labile enterotoxin and effect on 
the induction of oral tolerance in mice 
to unrelated protein antigens 

John D. Clements*, Nancy M. Hartzog and Frank L. Lyon* 

related to tke ehokn l^irSaSi (CT? " "^'"»'>^'Uf ond UnutunUf 

OVA amdtoiner!auUu^^ showm to preveju the Uuluctiom oftoUnuue ti 

pnmed omimiS^«^!ti^^'?^^ response 30- to 90-foU ow OVA-primed and PBS- 

"iw /«<? ami mLoJ lgAaid2)\^r^^S^^ significamtfy tower 

«««^r flceaiMTtSXiiiTSli^W^I^^^ I 8^ responses m animals reeeiving LT on only a 
OVAILT ^r^.S^ZTS^coS^^T**''' ''f''*^'^^^'*' to respoLs after tSee 

oralfy admU^red antialnuaSS^ic^ *'7' « "! "^^^for 

against antigens withwLh TSdSivend! P"*^^'* igG and mucosal IgA 

K.ywonli: Adjuvant; tolerance; Escherichia coli enterotoxin; cholera toxin 



Introduction 

Oral immunization can lead to loss of systemic reacti- 
vity m response to subsequent parenteral injection of 
the speafic antigen*. This phenomenon, known as 
tolerance has been shown to occur in numerous animal 
models and with a variety of antigens. Tolerance can be 
either complete or partial, and is influenced by antigen 
dose and characteristics, route of administration, phy- 
siological state of the organism and genetic characteris- 
>cs of the organism. It has also been shown that 
tolerance can be terminated or prevented by various 
manipulations, depending upon the cellular basis of the 
itate of tolerance. 

It has recently been demonstrated that administ- 
•ation of cholera toxin (CT) can abrogate oral tolerance 
o an unrelated antigen-. CT. an 84 000 dalton poiy- 
Tienc protem produced by Vibno cholerae. consists of 

department of Microbiotogy and Immunology , 1430 Tulane Ave- 

•m'J".^ ^rT^ Louisiana 
01 12, USA 'Present address: Department of Microbiology and 
■nmunology. Kirteville College of Osteopathic Medidne MO W 
etterson St.. Kiritsville, Missouri 63501, USA. To wtiom cnfr»^ 



two subunits. designated A and B. The B subunit binds 
the toxin to its ceU surface receptor, the monosiaJosyl- 
ganglioside Gmi, and faciUtates the penetration of the 
toxic A subunit into the ceU. The A subunit catalyses 
the ADP-nbosylation of the stimulatory GTP-binding 
protein (Gs) in the adenylate cyclase enzyme complex 
and this results in increasing intracellular levels of 
adenosine 3',5'-monophosphate (cAMP)'*. Some 
strains of Escherichia coli produce an immunologicaily 
and structurally related heat-labile enterotoxin (LT) 
that has the same subunit organization and arrange- 
ment as^Cr and that works by the same mechanism of 
action Although there are many similarities between 
CT and LT, there are also immunological and struc- 
tural differences between the two molecules^-*. More- 
over, the relative immunoregulatory potential of LT 
has not been thoroughly investigated. We have extensi- 
vely studied LT and have recently developed a clone of 
E. coli that produces just the binding subunit of the 
toxin (LT-By *. 

Although the mechanism for abrogation of tolerance 
by CT IS unknown, it is presumed to result from an 
alteration of the regulatory environment in the eut 



laied epididymal U .ells from rats^^-^\ elevate cAMP 
levels of intestinsJ tissues in vivo^^, increase A4,3-keta- 
steroids and induce morphological alterations in cul- 
tured mouse Y-1 adrenal tumour cells*^*^*^, and to 
increase accumulation of cAMP and induce morpholo- 
gical alterations in cultured Chinese hamster ovary 
cells' Cultured fibroblasts respond vyith increased 
cAMP and increased collagen synthesis'^ ceU elonga- 
tion and adhesion to substrate'®, as well as by inhibition 
of nucleotide and amino acid transport and protein 
synthesis. These tojcins have also been shown to stimu- 
late basal adenylate cyclase activity in liver with a 
concomitant decrease in hepatic glycogen", to stimu- 
late adenylate cyclase activity of human embryonic 
mtestinal epithelial cells in culture^*'-^'. and to increase 
membrane adenylate cyclase activity in mouse thymo- 
cytes and rat pituitary cells^. Presumably because of 
the ubiquity of the G^i ganglioside in ceU membranes. 
CT and LT have been found to have a broad spectrum 
of activity and, in fact, elevate intracellular levels of 
cAMP in virtually every mammalian tissue tested^^. 

It was recently discovered that simultaneous admi- 
nistration of LT with an orally administered antigen can 
also influence the development of tolerance to that 
antigen. This paper investigates the parameters of this 
effect and the relative contributions of the two subunits 
of the enterotojun. 



Female Balb/c mice, four to six weeks of age, were 
obtained from HarlanyTimco, Houston, TX, USA 

PurificQiiofni of CT, LT, ami LT-B 

CT was prepared as described by Mekalanos et al}^. 
The culture conditions and purification of LT and LT-B 
were as previously described^. Organisms were cul- 
tured overnight at ITC with vigorous aeration and 
agitation after inoculation with l(r viable bacteria per 
ml. The bacteria were harvested by cenlrifugaiion at 
4X. and the cells were suspended in TEAN buffer 
(0.05 M Tris, 0.001 M EDTA, 0.003 m NaNj, 0.2 m 
NaCl, pH 7.5)^^ and lysed using a French pressure cell. 
The crude lysate was then dialysed against TEAN 
buffer and, after centrifugation, applied directly to 
columns of Sepharose 48 (Sigma Chemical Co., St. 
Louis, MI, USA) equilibrated v^th TEAN buffer. LT 
or LT-B was then eluted from the columns with 0.2 m 
galactose in TEAN. Purified LT and LT-B were exa- 
mined and found to be free of contaminating endotoxin 
with the Limulus amoebocyte lysate assay (Sigma 
Chemical Co.). 

The procedures for immunization were essentially 
the same as those described by Elson and Ealding'^ for 
studying the influence of CT on induction of oral 
tolerance. Ovalbumin for immunization was Calbio- 



i^/pcu iccuiii^ uccuic vrupper a mus, mc. 
Hy.l^v^*ark, New York, USA). Oral ifflocaakitioia 
sisted of 0.5 ml PBS (0,01 m NajHDPO^, 0. 
KH2PO4, 0.1 M NaQ, pH 7.2), 0.5 ml PBS ooiat 
5 mg OVA, or 0.5 ml PBS contaimng 5 mg OV. 
25 ng LT. For some e^rperiments, LT was replace* 
25 ^ig CT or vyith an equimolaf amouat of 
(17 ^g); for others, BSA was included with the ( 
Following the oral inoculatioos, anim al^ were bo 
i.p. with 1 ^g OVA in 20% MaaloK (William H. F 
Inc., Washington, PA, USA) or, where indicated 
1 ng OVA in combination with 1 BSA or 25 ^ 
in 20% Maalos. One week after the i.p. inoculc 
animals were killed and assayed for senim IgG 
where indicated, mucosal IgA antibodies dir* 
against OVA, BSA, and LT by ELISA. The numb 
animals in each immunization group is included L 
legend to each figure. 

Animals were bled prior to euthanasia and sera 
stored at -20**C until assayed. The small intestine i 
duodenum to ileal-cecal junction was excised 
homogenized in a solution containing 50 nm EI 
and 0.1 mg ml"* of soybean trypsin inhibitor (Si 
Chemical Co.). Samples were homogenized wit 
Tekmar Tissuemizer, clarified by centrifugation, 
philized, resuspendcd in 1 ml TEAN buffer, dial; 
against TEAN buffer, adjusted to a constant volu 
and stored at -20**C until assayed. 

EUSA 

Reagents and antisera for the ELISA were obtai 
from Sigma Chemical Co. Samples for ELISA v 
serially diluted in phosphate-buffered saline (pH 7 
0.05% Tween 20 (PBS-TWEEN). For anti-LT detei 
nations, microtitre plates were precoated with I t 
per well of minted gangliosides (type III), then with ] 
per well of purified LT-B. Anti-OVA and anli-E 
were determined on microtitre plates precoated \ 
OVA (10 ng per well) or BSA (10 ^ig per well), resj 
lively. Serum anti-LT, anti-OVA and anti-BSA : 
were determined with rabbit antiserum against mo 
IgG conjugated to alkaline phosphatase. Mucosal a 
LT, anti-OVA and anti-BSA IgA were assayed v 
goat antiserum against mouse IgA (alpha-chain sp 
fic) followed by rabbit antiserum against goat 1 
conjugated to alkaline phosphatase. Reactions w 
stopped with 3 m NaOH. Values for IgG and IgA v» 
determined from a standard curve with purified mo 
myeloma proteins (MOPC 315, YA(IgA;a); MOPC 
yGI: Litton Bionetics, Inc., Charleston, SC, US 
Crossreactivity was determined by crossing reagent 
described^. Mucosal IgA values are further correc 
for contamination of mucosa with serum: Correc 
mucosal IgA = mucosal IgA - [serum IgA X (mua 
IgG/serum IgG) J. 

SUsSistical oimlysis 

The standard error of the mean was calculated foi 
data, and means of variously immunized groups 
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- «>'"Pa'ed by the Student / test. Statistical siffnilicance 
was considered tobsp^s 0.05. signincance 



Effeci o/LT oca oml g^t/anmcs go OVA (ToM? 1) 

Four groufB of BaJb/c mice were immunized in this 
prelinunary experiment. On day 0. each group 
jj^umzed oraJJy as foUows. groLp A receivW.5 tS 
PBS group B received 0.5 mJ PBS containing 5 tng 

OVaIa",^. ^ °^ PBS containing 5 m| 

OVA and 25 ng LT and group D received 0.5 rSj PBS 
containmg 5 mg OVA and 17 Mg LT-B. Each regimen 
was administered again on days 7 and 14. On day fl aU 
animals were boosted i.p. with 1 Mg OVA i'n 20% 

As seen in Figure 1, animals primed orally with OVA 
developed a significantly lower serum IgG ant"oVA 

tion with OVA than those primed with PBS alone and 
ubsequently immunized parenterally w„h OVA 

On the other hand, animals primed orally with OvA 
ami AJa r P^** a significantly higher serum IgG 
anti-OVA response than those in either of the other 
two groups {Figure IC, 3194 ng m|-). It was obsei^Jed 
that the simultaneous administration of LT with OVA 
not only prevented the induction of tolerance to OVA 
caused by oral feeding of OVA alone, but al^ act"d as 
an adjuvant for the antigen, increasing the anti-OVA 
IgG response by ==90-fold over the rfsponse seen ,^ 
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NO. norto ds^Gcecd 
14. .nd rct)^ 0.5 ml PBS <xm.^?^ OV^^I ^ST^^^ 

animaJs fed OVA aJonc (tolerant) and =.30-fold over 
he response seen ,n animals fed only PBS prior io the 
I p. immunization with OVA. 
We also wanted to determine if the observed res- 

r We li^^^ enzymaticalJy active subunit 

nation smc. I A" 57'^'^" '"^^^ 
citron ® ''^r^'^'* ^'^"^ holotoiun by disso- 

ciation chromatography is invariably contaminated ^ 
residual traces of LT, whereas our LT-B recombiSm 
done produces LT-B free of any contaminat^g^^^^^^^ 
A - Therefore, m p^ace of LT we substituted an equi- 
molar amount of LT-B (17 versus 25 ng). Also 
ll f^S^reL there was no significant difference b^tZll 
he group pnmed orally with OVA and LT-B (Figure 

n H^m' ; ^^"^ J- Additional experiments failed 
to demonstrate any effect of LT-B on ihe induction of 
tolerance with levels of LT-B up to 100 ng, the highes 
amount tested (data not shown). Thei ext^SS 

to abrogate the indSn of 
tolerance is a function of the A subunit of LT, since LT- 

Prir"\7' ''^^"""^ ^°'^^^<^ induction 

^ netrajfon o/^S a '"^""'^ ^^^"'^^^ ^^^^^te 
penetration of the A subunit into the ceU. 

For this experiment, five groups of BaJb/c mice were 
.rnmunued as above. On day 0. Tach group T^^l 
nized oraUy as follows: group A received 0.5 mlPBS 
group B received 0.5 ml PBS containing 5 mg OVA 
and group C received 0.5 mJ PBS containing 5 mg of 
OVA and 25 ng LT. This regimen was adi^Tered 
again on days 7 and 14. Group 3 received 0^ PBS 
containrng 5 mg OVA on dav 0 and 0.5 mJ pS Sn- 
tammg 5 mg OVA and 25 ^xg LT on da^7 and^; 
Group E received 0.5 mi PBS containing 5 mg OVA 
on days 0 and 7 and 0.5 ml PBS containing 5 m| OVA 
and 25 Mg LT on day 14. On day 21. animljs Siou^ 
A-E were boosted i.p. with 1 ^g OVA m 20% mS? 

, ^^.^ C^'^"'"'^ ^- animals fed LT with OVA after a 
smele initial OVA nrime (Fipur- ■>n '>iqa .,->^ 



ml This outcome d have resulted from either a 
^ng-to-event phenoaieooD reflecting the shorter tim- 
ing of LT administration prior to i.p. administration of 
the antigen or, conversely, could have represented a 
decreased effectiveness resulting from prior immunolo- 
gical experience with the antigen (see below). The 
effect of LT administration on the development of 
mucosal IgA was also determined (Figure 3). There was 
a significant increase in mucosal IgA anti-OVA (Figure 
3C, 134 ng mT*) when LT was administered with the 
OVA during each of the three oral priming events. 
However, if the animals were immunized with OVA 
first, subsequent administration of LT with OVA failed 
to produce a detectable mucosal IgA anti-OVA res- 
ponse (Figure 3D,E), 



n W 4 w A A a * * A a K^^^^ 



for th xdy. Group F received 0.5 ml PBS contain 
5 mg <iVA on days 0, 7 and 14, and 0.5 ml P 
containing 25 jig LT on days 1, 8, and 15. Group 
received 0.5 ml PBS containing 25 LT on days G 
and 14, and 0.5 ml PBS containing 5 mg OVA on dL 
I, 8, and 15. As above, animak in both groups wi 
boosted i,p. with 1 ^g OVA in 20% Maalox on day : 
Animals receiving LT before each administration 
OVA had a slight but significantly higher level of sen 
IgG (Figure 2G, 24 ng mT^) anti-OVA than the 
orally primed with PBS alone (Figure 2i4, 16 ^ig mT 
those orally primed with PBS containing OVA (Figu 
2B, 11 Mg ml*^) or those orally primed with OVA r 
day before each administration of LT (Figure 2F,\l \ 
ml"^). The mucosal anti-OVA IgA response in anims 
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^'*J>^aaMfyofE.aMiLT:J.D.aemenla9tai. 

^Tts'^IP)^^ containing OVA (Figure 

The mucosal and-OVA IgA responses in these 
groups were also examined. As seen previously, muco- 
sal anti-OVA IgA was present in detectable quantities 
only when OVA was administered with LT (Figure 5C 
and D) and the response was greater with the extended 
^.71"? "^^^ OVA/LT and i.p. boost 

with OVA. It IS important to note that IgA values in 
this su week protocol were enhanced compared to the 
previous three week protocol (^g mT' cf. ng mT'). 
possibly a reflection of the prolonged period of feeding. 
The fact that the anti-OVA response was greatly 
mcreased with the simultaneous administration of LT 
raused the possibility that LT could be used as an 
adjuvant for oral immunization to produce both a 
serum IgG and mucosal IgA response directed against 
the determinants of virulence of infectious agents. 

Use of LT as an a^fuvant with two unrelated 
antigens (Table 4) 

In order to test further the potential of LT as an 
orally administered adjuvant, three groups of mice 
were unmunized as follows. On day 0. group A 
received 0.5 ml PBS. group B received 0.5 ml PBS 
containing 5 mg OVA and 5 mg BSA and group C 
received 0.5 ml PBS containing 5 mg OVA. 5 mg BSA 
and 25 Mg LT. This regimen was administered again on 
days 7 and 14. On day 21. each group of animals was 
boosted Lp. with 1 OVA and 1 ng BSA in 20% 
MaaJox. Serum IgG and mucosal IgA responses were 
determined for both OVA and BSA. As seen in Figure 
6, simultaneous administration of LT with OVA and 
BSA mcreased the serum IgG response to OVA *35- 
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fold (Figure 6 upper left panel: 302 ng mT* vcrsui 
10 710 ng mT') and increased the scrum anti-BSA 1 

inif °^ ^i^^'^"""* ^^^^ ^ "PP^^ pane'- 
A ^^""^ C, 1 1 348 ng mr »). A mucosal a 
OVA IgA response was onJy detected in ania 
receiving LT with the oraJ immunizatioo (Figun 
lower left panel: C. 814 ng mT^. There was no sign 
cant change in mucosal anti-BSA IgA following t 
regimen (Figure 6 lower right panel), although 
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Mapping Peptide-binding Domains of 



the Substance P (NK-1) 



Receptor from P388Di Cells with Photolabile Agonists* 



Yue-Ming Li, Margarita Mamerakis, Evelyn R. Stimson, and John E. Maggiot 

From the Department of Biological Chemistry and Molecular Pharmacology, Harvard Medical School, 
Boston, Massachusetts 02116 



The tachykinin substance P (SP) is a peptide trans- 
mitter of primazy afferents* Its actions on both central 
and peripheral targets are mediated by a G-protein*cou- 
pled receptor of known primary structure. To identify 
contact sites between the undecapeptide SP and its recep- 
tor, we prepared radiolabeled photoreactive analogs of 
SP (H-RPKPQQFFGLM-NH3) by replacing amino acids in 
the peptide with p«benzoyl-L*phenylalanine (BPA). SP, 
BPA^-SP, and BPA^-SP bind with high afSnity (£^ < 3 um) 
to SP receptors on the miuine cell line P388Di, triggering 
intracellular calcium responses. Both binding and cal- 
cium responses are blocked by the specific SP receptor 
antagonist CP-96345. On photolysis, radioiodinated 
BPA^-SP and BPA^»SP covalently label a heterogeneously 
^cosylated protein of about 75 kDa; labeling is abolished 
by excess unlabeled SP or CP-96345. The labeled recep- 
tors were digested with V8 protease and/or trypsin, and 
the resulting fragments were analyzed by electrophore- 
sis, high pressure liqtud chromatography, and chemical 
or enzymatic modification* BPA^-SP and BPA^*SP photo- 
incorporate into different regions of the murine SP recep- 
tor. The results establish that the third and the eighth 
positions of SP, respectively, interact with the NH2-termi- 
nal extracellular tail (residues 1-21) and second extracel- 
lular loop (residues 173-183) of the SP receptor. A model 
for the agonist peptide-binding sites of the SP receptor is 
proposed based on photoaffinity labeling and mutagene- 
sis studies. 



A large majority of the known receptors belong to the CJ- 
protein-coupled receptor superfamily (Baldwin, 1994). These 
receptors are characterized by the presence of seven hydropho- 
bic regions of primary structure thought to represent trans- 
membrane domains. The receptors lie in the bilayer such that 
the amino-terminal region of the protein is extracellular and 
the carboxyl-termincd region is cytoplasmic. The agonists 
which bind to and activate G-protein-coupled receptors vary 
widely in size, from glycoprotein hormones (>30 kDa) to single 
photons. The larger agonists (>10 kDa; e,g, thyroid stimulating 
hormone and follicle stimiilating hormone) bind to the amino- 
terminal region of their (j-protein-coupled receptors, while the 
smaller agonists (<0.2 kDa; e.g, norepinephrine, serotonin, and 
photons) bind within the plane of the bilayer between the seven 



* This work was supported by Public Health Service Grant GM-15904 
(to J. £. M.) from the National Institutes of Health. Portions of this 
work were published in abstract form ((1994) Soc. Neurosci. Abst. 20, 
905). The costs of pubUcation of this article were defrayed in part by the 
payment of page charges. This article must therefore be hereby marked 
""advertisement" in accordance with 18 U.S.C. Section 1734 solely to 
indicate this fact. 
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transmembrane domains (Bockaert, 1991). Essentially all 
charicterized receptors for bioactive peptides (0.5-5 kDa) are 
also members of tiie G-protein-coupled receptor superfamily, 
but^which regions of their receptors interact with these ago- 
nists of intermediate size has not yet been defined. 

Tlie undecapeptide substance P (SP)^ has been identified as 
a neurotransmitter associated with pain modulation and neu- 
rogeiic inflammation (Pemow, 1983; Otsuka and Yoshioka, 
1993). SP belongs to the tachykinin peptide family which is 
characterized by a conserved COOH-terminal sequence 
-FX(rLM-NH2» where X is an aromatic or aliphatic amino acid 
(Maggio, 1988). The SP receptor (also known as the neuroki- 
nin-! or NK-1 receptor) has been cloned from several species 
inch ding human, mouse, rat, and guinea pig and displays a 
very high degree of primary sequence homology across species 
(Cjerard et aL, 1993). The SP receptor (SPR) is a member of the 
G-piotein-coupled receptor superfamily, as are receptors for 
other peptides in the tachykinin family. ^ 

Chimeric and point-mutated SP receptors have bfen con- 
structed to probe receptor structure-function in an atteuzpt to 
iden ify binding domains for peptide agonists and nonpeptide 
antajgonists as well as domains associated with agonist-stimu- 
latec i second messenger responses {e.g, Casderi et al., 1994; Fong 
et al:, 1992a, 1992b, 1993, 1994a 1994b; Gether et al„ 1993a, 
1993b, 1993c, 1994; Huang et al., 1994a, 1994b; Jensen et al., 
1994; Sachais et al., 1993; Yokota et at., 1992; Zofi&nann et al., 
1993). These studies have indicated tjiat both the extracellular 
and transmembrane domains of the SP receptor are important 
for the binding of agonist, and several specific residues conserved 
in all species examiiied have been identified as important for 
peptide binding. Andysis of SP analogs further suggested the 
COOH-terminal carfo3cyamide of SP may interact with residues 
in the second transmembrane domain (Huang et at., 1994b). 
However, the identification of a particular residue as necessary 
for agonist binding does not necessarily imply direct interaction 
of that side r\\A\Tk with agonist, as loss of function may instead 
resiilt finm changes in protein folding. Since the binding of SP 
(1350 Da) must involve a larger number of leceptor/ligand con- 
tapts than smaD nonpeptide agonists {e.g, norepinephrine, 170 
DS)^ it has not been possible to define the interaction of SP and its 
receptor by mutagenesis alone. 

Photoaffinity labeling has been proven to be a us< ful tool in 
identifying structural doinains of receptors involvec in ligand 



* The abbreviations used are: SP, substance P; BPA p-ben- 
zoyl-L-phenylalanine; BPA«-SP, Y^PA'-SP; BPA«-SP, r^BPA^-SP; CP^ 
96345.(2S,3S)-cw-2-(diphenyhnethyl)-iV-C(2-methoxyphenyl)-m«Mv/l. 
l-a2a-bicyclo[2.2.2]octan-3-amine; DTNB, 5,5'-dithio-bis(2-mtToben- 
zoic^dd); Endo F, F. meningosepticum endoglycosidase F; FCS. fetal 
calf aerum; Fmoc, fluorenT9-ylmethoxycarbpnyl; HPlfi, high perform- 
ance Uquid chromatography; NK-IR, neurokinin-l receptor (same as 
SPR); PAGE, polyacrylamide gel electrophoresis; SPR, substance P 
.» xnf-iTJ'i. TM -HvnRTTKiTnbrane: V8. S: aurru* V8 



receptor (same as KK*iR); TM, 
protease; cpm, counts/minute. 
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binding {e,g, Dohlman et al., 1991). This technique offers a 
unique approach by directly identifying the contact regions of a 
receptor and its ligands. As an essential complement to mu- 
tagenesis approaches, we have apphed photoaffinity labeUng to 
identify agonist peptide binding domains of the SP receptor. 
p-Ben2oyl-L-phenylalanine (BPA), a photoreactive amino acid, 
has been used to replace amino acids in peptides for receptor 
photoaffinity labeling (Dorman and Prestwich, 1994). Photoac- 
tivated (triplet biradical) BPA reacts preferentially with C-H 
bonds but has low reactivity toward water; furthermore, the 
chromophore can be activated in the visible, avoiding protein- 
damaging UV wavelengths. In previoiis work by others (Boyd et 
al, 1991a, 1991b, li994; Kage et al, 1993), an SP derivative 
containing BPA at position 8 and acylated with 3-(3-iodo-4- 
hydroxyphenyl) propionic acid at the side chain of Lys^ has 
been synthesized to study the SP receptor. Photolysis of this 
hgand with membrane-boimd SP receptors from rat submaxil- 
lary gland led to about 70% incorporation of bound label into 
two polypeptides (46 and 53 kDa); enzymatic studies suggested 
that the smaller protein resulted from proteolysis of the larger 
(Kage et al, 1993). 

P388Di cells, a nontransfected murine macrophage/mono- 
cyte cell line (Dawe and Potter, 1957), express a high density of 
functional SP receptors (Persico et al, 1988; Li et a/., 1994) but 
no detectable levels of other tachykinin receptors.^ The SP 
receptors of this cell line are coupled to Ca^'^ mobilization (Li et 
aL, 1994). In the present study we have used two site-specific, 
high affinity photolabile analogs of SP (incorporating BPA in 
the third (BPA^) or eighth (BPA®) position) to label the SP 
receptor of P388Di cells and map the peptide-binding domains 
of the receptor for each ligand. 

EXPERIMENTAL PROCEDURES 

Preparation of Fluoren'9-yl7nethoxycarbonyl'4-bemoylphenylalanine 
(FmoC'BPA) — Racemic DlrBPA was synthesized and resolved into 
L- and D-BPA as descnbeS by Kauer et al. (1986). The resolved amino 
acid (or alternatively the racemic mixture) was treated directly with 
Fmoc-chloroformate (Aldrich) or Fmoc-hydroxysuccinimide (Sigma) to 
provide the protected amino acid (Fmoc*BPA) for solid-phase synthesis. 

Peptide Sy/ifA^sifi— Peptide synthesis of the SP analogs, BPA^-SP 
and BPA®-SP, was performed by our departmental Biopolymers Facility 
or by Quality Control Biochemicals (Hopkinton, MA) using a standard 
Fmoc solid-phase synthetic strategy (Maggio et al., 1992). The crude 
synthetic peptide was then purified by reverse-phase high performance 
liquid chromatography (HPLC) using a Cia column (Vydac 4.6 x 250 
mm, 5 fim, 300 A) on a Waters Liquid Chromatographic System 
equipped with a variable wavelength UV detector. The col\mm was 
eluted with a linear water-acetonitrile gradient (26-66% acetonitrile, 
min; 1.0 ml/min) containing 10 mM trifluoroacetic add. The race- 
mic peptide had two msgor UV active (254 nm) components of equal 
intensity. The L-BPA peptide was identified by elution position; that is, 
L-BPA®-SP (synthesized from Fmoc-L-BPA) showed only one UV active 
peak which was coincident with the earlier eiuting HPLC peak of 
DL-BPA®-SP (synthesizted from Fmoc-DL-BPA). Thus, the earlier HPLC 
peak corresponds to L BPA^-SP and the later ;peak to D-BPA'^-SP. In 
addition, Marfey's reagent (l-fluoro-2,4-dinitrophenyl-5-L-alanineam- 
ide) formed an adduct (Marfey, 1984) with isolated L-BPA that precedes 
that formed from d-BPA. When the l-BPA*-SP and i>-BPA*-SP fractions 
were tested for receptor binding and biological activity, the earlier 
eiuting peptide, ie. l-BPA*-SP, was much more active than the later 
eiuting D-BPA* analog. By analogy to the greater activity of L-Phe*-SP 
relative to D-Phe*-SP (Fournier et al , 1982). this result further confirms 
that the first of the paired HPLC pcjaks is the L-BPA-isomer. Thie L-BPA 
diastepeomer haa also been shown to precede the D-BPA diastereomer of 
other peptides in reverse-phase HPLC elution (Shoelson ef a/., 1993). 

The isolated L-BPA^-SP was analyzed for purjty and correct struc- 
ture by amino add analysis, laser desorption mass spectroscopy, and 
sequence. The peptide was sequentially Yo.a Ro.g Po ? o Po.7 Qi.o Qi.o 
Fi.2 (BPA) Gi,o Li.o Mo.e with nilz 1616,2 ((W+H) 0. Neither BPA or its 
phenylthiohydantoin derivative elute from the analyzer column under 



* H;-P.Too and J. E. Maggio. unpublished results. 



standard conditions (Kauer et al,, 1986). Nevertheless, the high UV 
extinction coefficient of BPA at 254 nm. « = 21 x 10^, verifies that BPA 
is incorporated (Kauer et ai, 1986), confirming the results of mass 
spectrometry. Tyrosine was partially destroyed under the hydrolysis 
conditions employed. 

Preparation of Radioligands— The radioligand f^^jjBp^o.gp 
([*"I]iodotyrosyl**-L-BPA*-SP) was formed using general peptide iodi- 
nation techniques previously described (Too and Maggio, 1991). Typi- 
cally 10 nmol of dry peptide was dissolved in 50 /il of 0.5 M sodium 
phosphate buffer, pH 7,5. and vortexed with 1 mCi of Na*"I (10 
Amersham Corp.). Chloramine-T (10 /ig in 10 of water) was added to 
activate iodine incorporation, and Na^SjOo (100 ;ig in 10 /il of water) 
was added after 1 y"iT> of vortexing to quench the reaction. The mixture 
was diluted and acidified with 0.6 ml of 60 mM trifluoroacetic acid, and 
25 of 2% bovine serum albumin was added to limit nonspecific 
adsorption. To separate the peptide from the unincorporated ^^I, the 
mixture was then applied to an activated C^g Sep-Pak cartridge 
(Waters) and the iodide and peptide eluted with a series of 0.5-ml 
portions of 10 mM trifluoroacetic acid solutions of increasing alcohol 
(ethanol/methanol, 1:1) content, 10, 10, 20, 40, 60, 80. 90. 95, and 1009c. 
Unincorporated iodide elutes immediately, while the peptide is retained 
until the alcohol concentration reaches about 60%. The peptide frac- 
tions (containing both oxidized and reduced methionine), eiuting with 
60-90% alcohol, were pooled and reduced in volume tinder a nitrogen 
stream. After the addition of 20% (v/v) 0-mercaptoethanol, the sample 
was heated at 90 '^C for 2 h to reduce methionine sulfoxide to its 
thioether. Further purification was achieved by reversed-phase HPLC 
on a Vydac C^g column as above. The eluate was collected in fractions 
during gradient elution and the fractions counted for radioactivity. The 
reduced (Met) and monoiodinated (Tyr) peptide eluted in a well- 
resolved peak (34.6% aoetonitrile), predictably later than the original 
compound (33.2%) or the oxidized pit>ducts, but prior to the diiodinated 
reduced peptide. The reduced monoiodinated tracer (specific activity 
^2000 C/mmol; IC^ « 37 GBq) was protected fi^om oxidation by 0.5% 
3-mercaptoethanol (vAr) added immediately after purification and 
stored at -20*'C until use. Radioiodinated BPA^-SP was prepared 
similarly. 

Cell Culture—The murine cell line P388Di (Dawe and Potter, 1957; 
Persico et al., 1988) was a gift of Dr. J. Jackie (Harvard Medical School) 
and has been maintained in our laboratory in Dulbecco's modified 
Eagle's medium supplemented with 10% fetal calf serum (FCS). 

Calcium Measurements — P388Di cells were cultured on 12-mm di- 
ameter round glass coverslips that had been pretreated with laminin. 
These were used within 24-48 h after plating. Dye loading was 
achieved by exposing the cells to fura-2 acetoxymethyl ester at a con- 
centration of 8 ^ for 30 min at room temperature. The cells were then 
washed with 2% bovine serum albumin and kept on ice until used. 
Experiments were performed using a standard saline buffer with the 
following components: NaCl 120 mM, KCl 4.2 mM, CaCl^ 2.5 mM, MgSO^ 
1.0 mM, Na2HP04 1.0 mM, glucose 12 mM, and HEPES 10 mM, pH 7.40. 

Fluorescence measurements were made using a Nikon microscope 
optically linked to a PTI Deltascan instrument (Photon Technologies) 
that produces dual excitation at 340 and 380 nm. Emitted light was 
collected after passing though a 610-nm band pass filter. A 40X Nikon 
fluor objective was used and the field was limited to about 15-20 cells 
for data collection. 

Ligand Binding ofP388Di Cells— PZSSD^ cells (5 x 10^ cells/well) 
were inoculated on FCS precoated 24-well plates and ciiltured over- 
night. The confluent cells (-^1 X 10® ceUa/well) were washed twice (0.5 
ml/well) with ice-cold buffer (Dulbecco's modified Eagle's medium ^ 20 
mM HEPES, pH 7.2) and incubated with 0.5 ml of buffer on ice for at 
least 10 min. Then radioactive ligand, in the presence or absence of 
tinlabeled displacers, was added to a final concentration of 150 pM ( - 5 
X 10° cpm/ml) and incubated for 2 h. Nonspecific binding is defined as 
binding in the presence of 10 ^ unlabeled SP. After incubation, the 
cells were washed twice with 0.5 ml/well phosphate-buffered saline « 104 
mM NaCl, 2.7 mM KClj 10 mM 1<IbJSP0^, 1.8 mM KH2PO4, pH 7.2 1. then 
solubilized by 0.5 ml oflysis buffer (l%NomdetP-40, 0.27c SOS. 150 mM 
NaCl, 50 mM Tris, pH 8.0) for 20 min and transferred for gamma 
counting. Unlabeled SP and CP-96345 were stored as 10 m.M stock 
solutions in dimethyl sulfoxide. Dimethyl sulfoxide at less than 3^ w v » 
had no detectable effects on the binding assay. 

Photoaffinity Labeling ofP388Dj Ceiis— Cells (5 x 10*) were inocu- 
lated on FCS-pretreated dishes (60 mm) and grown for at least 12 h 
before labeling. The ciiltured cells (— 1 x 10') were washed t^ic* • 5 ml < 
with ice-cold buffer (Dulbecco*s modified Eagle's medium * 20 mn 
HEPES, pH 7.2) and incubated with 5 ml of buffer on ice for at least lU 
min. The photolabile radioligand, in the presence or absence u( un- 
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labeled displacers. was added to a final concentratioD of 2 nM (-6 x 10^ 
cpm/val) and incubated 2 h. The dishes were then irradiated on ice for 
15 min using a focused HBO 100-watt mercury short arc lamp throu^ 
an optical filter to eliminate light below 310 nm. A second filter removed 
infrared wavelengths to minimize sample heating during photolysis. 

After photolysis, the cells were washed twice (5 ml) with phosphate- 
buffered saline and transferred to a microcentrifuge tube to collect cell 
pellets by centrifiigation at 16,000 x g for 10 min, The pelleted cells were 
resuspended in 0.3 ml of 5 mM Tris-HCl, pH 8.0, and hypotonically lysed 
for 30 min at room temperature. Then the samples were homogenized and 
centrifiiged at 500 x g for 15 min to remove debris. The resulting super- 
natants were sedimented at 16,000 x g for 30 min and the membrane 
pellets stored at -20*^0 until analysis. The presence or absence of a 
mixture of protease inhibitors (bacitracin, chymostatixi, and leupeptin) 
did not affect the results of binding or photolysis experiments. 

Partial Purification of the Labeled Co/np/ex— SDS-polyacrylamide 
gel electrophoresis (PAGE) was performed as described by Laemmli 
(1970) using 1.5-mm 8% gels. The labeled cell membranes were solubi- 
lized in 1 X SDS sample buffer (10% glycerol, 5% 2-mercaptoethanol, 
3% SDS, 0.025% bromphenyl blue, 125 mM Tris-HCl, pH 6.8) for 30 min 
at room temperature. After electrophoresis, the gel was directly dried 
on a filter paper and exposed to x-ray film (Kodak XAR-5) with an 
intensifying screen (DuPont). The labeled bands were isolated from the 
preparative gel using a passive elution protocol similar to that de- 
scribed by Blanton and Cohen ( 1994). After autoradiography, radioac- 
tive bands of the labeled complex were excised from dried geb and 
rehydrated with extraction buffer (0.1% SDS, 100 mM NH4HCO3, pH 
7.8). The gel slices were macerated and eluted for 1-4 days with 
extraction buffer. The eluted protein was filtered (Whatman No. 1) and 
concentrated using Centriprep-10 or Centricon-10 (Amicon). Finally, 
the labeled complex was precipitated by cold acetone (85-90%, v^) 
overnight at -20 *C. The precipitate was dried and stored at -20 
until use. For all electrophoretic gels, the ratio of bis-acrylamide to 
acrylamide was 3%. For gels above 12% acrylamide, 1% glycerol was 
added to the running buffer to prevent cracking of gels during drying. 

Endoglycosidase F Digestion of the Partially Purified Complex — The 
acetone precipitate was resuspended in 10 mM EDTA, 0.1% SDS, 
0.5% TS^-octylglucoside, 100 mM NH4HCO3, pH 7.8, and then digested 
with Flavobacterium meningosepticum endoglycosidase F (Endo F) 
(Boehringer Mannheim) for 2 days at room temperature. 

Protease Digestion of the Partial Purified Complex—The acetone 
precipitate was resuspended in 0.1% SDS, 100 mM NH4HCO3, pH 7.8, 
and then digested with Staphylococcus aureus V8 protease (V8) 
(Boehringer Mannheim) for 2-4 days at room temperature or L-l-tosyl- 
amido-2-phenylethyl chloromethyl ketone-treated bovine trypsin (Sig- 
ma) for 1-4 days at room temperature. Both BPA*-SP and BPA®-SP 
completely resist cleavage by these proteases under these conditions 
(not shown) as both ligands lack glutamic adds residues, and basic 
residues are protected by adjacent prolines (Fig. 1). 

HPLC of Enzymatic Digests— The V8"digested samples were loaded 
into a Vydac Cg column (2.1 x 150 mm, 5 ^im, 300 A) and eluted with 
increasing solvent B (0.09% trifluoroacetdc add in 60% acetonitrile, 40% 
2-propanol) in solvent A (0.1% trifiuoroacetic add in water) at a flow rate 
of 0.25 ml/min. The elution of ^I-labeled SPR fragments was monitored 
by gamma counting of the fractions. More than 90% of injected radioac- 
tivity was recovered in the eluate for all HPLC experiments. 

5,5''Dithio-bis(2-nitrobenzoic acid) (DTNB) Modification— The 
HPLC fi^ctions were dried and resuspended in 100 mM NH4HCO3, pH 
7.8. Dithiothreitol was added to a final concentration of 25 mM and the 
mixture incubated for 30 min at 50 ^C, then DTNB (final concentration 
75 mM) was added and allowed to react with the peptide for at least 30 
min. The mixture was then diluted with 20% solvent B and loaded onto 
reverse-phase-HPLC as described. 

RESULTS 

Specificity of BPA^-SP and BPA^SP— Both BPA^-SP and 
BPA®-SP (Fig. 1) are full and potent agonists relative to SP for 
the calciuLin responses of PSSSDj cells. This action is completely 
blocked by CP-96345, a specific nonpeptide antagonist of the 
SP receptor (Fig. 2). Both photoreactive ligands bound to SPR 
(Table I) with the same affinity (IC50 values --3 nM) as SP and 
the binding of each was similarly inhibited by CP-96345 (ICgo 
values —35 nM). 

Photoaffinity Labeling ofSP Receptor— After photoinsertion 
of radioiodinated BPA*-SP or BPA®-SP bound to P388Di cells, 
two radioactive bands were observed on SDS-PAGE. A m^jor 
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Fig. 1. Primary structures of SI>, BPA»-SP, and BPA*-SP, Addi- 
tion of Tyr at the NH^ terminus facilitates radioiodination. Lye^ and 
Phe® are respectively replaced by BPA to give BPA^-SP and BPA®-SP. 
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Fig. 2. SP, BPA>»SP, and BPA*-SP induce calcium responses in 
P388D, cells. tCa^^l^^i^ ^as measured with fura-2 using 12-18 cells in 
an optical field. Agonists (10 nH) were perfused over the cells for 30 s. 
CP-96345 (1 tsM) was preincubated with the cells for 30 s before adding 
the mixture of agonist and CP*9€345. Experiments were carried out at 
room temperature (22 °C). 

Table I 

/C50 values of substance P and CP-96345 for three ligands 
binding to P383Dj^ cells 







ICfioW 


Substance P 


CP-96345 


[^"UBHSP 


2.30 ± 6.40 


33,3 i 11.5 


t^=«I]BPA»-SP 


2.75 ± 0.95 


33.3 ± 11.5 


[^UBPA^-SP 


3.00 ± 1.00 


36.7 It 5.70 



Final concentration 0.15 nM. 
^ Mean ± S.D. of at least three experiments. 



broad band of 75 kDa accounted for about 95% of the radioac* 
tivity, while a minor band of 205ikDa accotinted for about 5% 
(Fig. 3). Labeling of both bands was completely inhibited by SP 
(Fig. 3) or CP-96345 (not shown). For BPA®-SP, 46 ± 3% of 
bound ligand is recovered in thei broad 75 kDa band; for BPA^* 
SP, the m^or band represents about 6% of the total boimd 
radioactivity. For both ligands, deglycosylation with Endo F 
shifted the broad nugor band to a sharp band of 42 kDa (Fig. 4), 
indistinguishable from the molecular mass of the murine SPR 
calculated from its cDNA sequence (Simdelin et al,, 1992). The 
m^jor band labeled by both photoprobes was partially purified 
by preparative SDS-PAGE and used for further studies. Incu- 
bation of cells with the photoprobes in this dark resulted in no 
detectable incorporation into protein. 

V8 Digestion qf the Labeled' SP Receptor— VS protease 
(Glu-C) cleaves proteins specifically at the COOH-terminal side 
of glutamate residues under the conditions employed. V8 di- 
gestion of partially purified [^I]BPA®.SP-labeled SPR showed 
five detected bands (33, 25, 19, 9, and 3.2 kDa). The larger 
proteolytic fragments were converted into the smaller ones at 
higher concentration of V8 protease, with the smallest frag- 
ment, designated BPA®-SPR-3.2k, being the limit digest (Fig, 
5A). Double digestion of t^^I]BPA®-SP-labeIed SPR with Endo 
F and V8 protease revealed the same five-band pattern seen 
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Fig. 3. Autoradiography of PSSSDj cell membranes photoaffin- 
ity labeled with [***I]BPA».SP and P"I]BPA»-SP foUowing SDS- 
PAGE (8% gel). Cell culture, photolysis, cell membrane preparation, 
and solubilization were as described under 'Experimental Procedures." 
After electrophoresis, the gel was stained with 0.1% Coomassie Blue in 
MeOH/AcOH/HsO (4:1:5) and destained in the same solvent. The same 
amount of protein was found in each lane (not shown). Lanes 1 and 2, 
[^I]BPA«-SP.labeled membranes; lanes 3 and 4, (^"IJBPA^-SP-labeled 
membranes. The labeling was carried out in the absence (lanes 1 and 3) 
or presence {lanes 2 and 4) of 10 /iM unlabeled SP. Molecular weights 
are indicated at the right. 




Fig. 4. Autoradiography of Endo F deglycosylated photola- 
beled SP receptor foUowing SDS-PAGE (12% gel). Acetone-predp- 
itated ^"Mabeled SPR (5000-8000 cpm) from preparative SDS-PAGE 
was dissolved in 0.1% SDS, 10 mM EDTA, 0.5% JV-octylglycoside, 100 
mM NH4HCO3, pH 7.8, and digested by Endo F (0.8 unit) for 2 days at 
room temperature. The gel was directly dried without fixation or stain- 
ing prior to autoradiography. Lanes 1 and 2, ["*I]BPA'-SP-labeled 
SPR; lanes 3 and 4, [^"I]BPA^-SP-labeled SPR. The samples were 
treated with {lanes 1 and 3) or without {lanes 2 and 4) Endo F. Molec- 
ular weights indicated are at the right. 
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Fig. 6. Analysis of the BPA*-SPR-3J2k figment. [^"I]BPA*-SP- 
labeled SPR was digested by V8 protease as described in Fig. 5. The 
digests were separated by reverse-phase HPLC as described under 
"Experimental Procedures'* (microbore Cq column, organic phase 60% 
acetonitrile, 40% isopropanol). The solvent gradient (flow rate 0.25 
ml/min) was as follows: 20-70% solvent B in 62.5 min; 70-100% solvent 
B in 15 min. Fractions (0.5 ml each) were counted for {A). The 
digests and HPLC fractions were dned and analyzed by SDS-PAGE on 
an 18% gel (B). Lane i, minor HPLC peak, fraction 44-48; lane 2, major 
HPLC peak, fractions 27-29; lane 3, V8 digest prior to HPLC fraction- 
ation; lane 4, [^^I1BPA"-SP; moleoilar weights are indicated at the 
right. BPA^-SPR-3.2k fractions were dried and treated with or without 
DTNB as described, then separated by HPLC using a solvent gradient 
of 20 50% solvent B in 37.5 min (C). Arrow indicates the elution posi- 
tion of [^I]BPA«-SP. 



vtou) 40 to I 0 0 2 10 20 

Fig. 5. Autoradiography of V8 protease digest of photolabeled 
SP receptor foUowing SDS-PAGE. Acetone precipitated V^iy 
labeled SPR (6000 8000 cpm) from preparative SDS-PAGE was dis- 
solved in 0.1% SDS, 100 mM NH4HCO3, pH 7.8, and digested by the 
indicated amount of V8 protease for 4 days at room temperature. The 
gel was directly dried for autoradiography. A, ["*IlBPA*-SP-labeled 
SPR (17.5% gel); molecular weights are indicated at the left. B, 
[^I]BPA^-SP-labeled SPR (18% gel); molecular weights are indicated 
at the right. 

with V8 digestion alone. 

Peptide fragments from V8 digestion of [^^IIBPA^-SP- 
labeled SPR were isolated by HPLC (Fig. 6A). One m^or peak 
(-33% solvent B), accounting for most of the eluted radioactiv- 
ity, corresponded to BPA®^PR.3.2k (Fig. 6B). BPA®.SPR-3.2k 
and BPA^-SP tracer eluted in a similar position on reverse- 



phase HPLC but were cleanly resolved by SDS-PAGE (Fig. 6B). 
A second peak of radioactivity eluting fi^m the HPLC column, 
accounting for most of the recovered radioiodine not in BPA^- 
SPR-3.2k. corresponded to BPA®-SPR-9k. Further digestion of 
BPA*-SPR-9k with V8 protease converted this fragment to 
BPA*-SPR-3.2k (not shown). 

BPA®-SPR-3.2k. the limit digest, was reacted with DTNB, a 
spediic sulfhydiyl modification reagent which converts fr^ 
peptidyl -SH groups to mixed disulfides of 2-nitro-5-thiobenzoic 
add. Treatment of BPA®-SPR-3.2k with DTNB shifted the 
HPLC elution position of the peptide to later elution by 3.2% 
solvent B (Fig. 6C). A parallel sample incubated identicfidly but 
without DTNB showed no change in elution position. 

V8 digests of SPR photolabeled with ["^I]BPA^-SP displayed 
a different pattern of proteolytic fragments than digests of SPR 
photolabeled with [^^I]BPA®-SP (Fig. 5). A major fragment of 



Photoaffinity Labeling of Substance P Receptor 



1217 




Fraction (0.25 ml each) 
B 

K - 144 



mmm~ i9 

Ei^F » . 

Fig. 7. Analysis of the BPA^SPR-40K fragment. [^^^IJBPA^-SP- 
labeled SPR was digested by V8 protease as described in Fig. 5. The 
digests were separated by HPLC as described in Fig. 6A. Fractions 
eluting at the void volume (unretained by the reverse*pbase column) 
were dried and treated with or without Endo F. The samples then 
reanalyzed by HPLC (A) as described in Fig. 6C and by SDS-PAGE (B) 
on an 18% gel. Lane 2, HPLC fractions 43-48 after Endo F; lane 2, 
HPLC fractions 9-19 without Endo F; molecular weights are indicated 
at the right. Arrow (A) indicates the elution position of [^I]BPA^-SP. 

40 kDa (BPA3-SPR-40k) was detected under conditions which 
reduced SPR photolabeled with [^^subpa^-SP to peptides of 
less than 10 kDa. Very high concentrations of V8 produced, in 
addition to the m^jor band at 40 kDa, minor bands at about 3 
and 10 kDa. Endo F digestion of BPA^-SPR-40k produced a 
3.5-kDa fragment, BPA^-SPR-3.5k. The same fragment was 
produced by double digestion with Endo F and V8 protease of 
SPR photolabeled with [^^sijbpa^-SP. 

V8 protease-digested fragments of [^^I]BPA^-SP-labeled 
SPR were separated by HPLC. A major peak containing >70% 
of eluted radioactivity passed through without being retarded 
by the reverse-phase colunm. These fractions were dried, di- 
gested with Endo F, and reanalyzed by HPLC. The Endo F- 
treated sample (BPA^-SPR-3.5k) was retained by the HPLC 
column and eluted at 30% solvent B (Fig. 7). BPA^-SPR-3.5k 
and BPA^-SP were separable by HPLC. A control sample (iden- 
tically treated in the absence of Endo F) still passed through 
the HPLC column without retention. 

Trypsin Digestion of the Labeled SP Receptor — Double diges- 
tion of [^26i]BPA8-SP-labeled SPR with Endo F and trypsin 
revealed the same pattern of radioactive fragments as seen 
with trypsin digestion alone. However, double digestion (with 
Endo F and trypsin) of [^^siiBPA^-SP-labeled SPR produced a 
different pattern of fragments than that seen with trypsin 
treatment alone. As seen with Endo F and V8, digestion of the 
major high molecular mass (>45 kDa) tryptic fragment of 
[i26i]BPA3-SP-labeled SPR with Endo F converted it to a much 
smaller fragment. 

DISCUSSION 

Replacement of amino acid residues at the third (Lys^) or 
eighth (Phe®) positions of SP by BPA and addition of Tyr at the 



NHj-terminal (Tyr^) gave analogs (Fig. 1) which triggered cal- 
cium responses of P388Di cells (Fig. 2) with the same potency 
as the parent peptide. The calcium response was inhibited by 
CP-96345, a specific SPR antagonist. Binding of ^^si.iabeled 
BPA®-SP and BPA^-SP to P388Di ceUs was blocked by cold SP 
and CP-96345 at nM concentrations (Table I). The two photo- 
labile ligands thus are high affinity full agonists of the SPR of 
P388Dj cells. Previous studies showed that Phe® of SP could be 
structurally modified without a marked decease in activity on 
affinity on several bioassays (Lee et al, 1983; Maggio, 1988; 
Viger et al,, 1983). Boyd et al (1991a. 1991b) have demon- 
strated that replacement of Phe® of SP by BPA is well tolerated 
in binding affinity and biological activity. The results of the 
present study illustrate that substitution of Lys^ of SP with 
BPA also maintains biological activity and binding affinity at 
the SPR of murine P388Di cells. To facilitate radioiodination, 
we added a tyrosine at the NHg terminus of the peptide; the 
Tyr° peptides also retain full biological activity and binding 
affinity (Sachais et a/., 1993; Cascieri et al,, 1994). 

Upon near UV irradiation O310 nm), ^^^Mabeled BPA®-SP 
and BPA^-SP are photoincorporated into a major broad radio- 
labeled band of -75 kDa in P388Di cells (Fig. 3). The broad 
range of molecular mass reflects heterogeneous glycosylation, 
as Endo F treatment dramatically converted the broad 75 kDa 
band to a sharp one of -42 kDa (Fig. 4). This size is consistent 
with the value deduced from the cDNA sequence for the mouse 
SPR (Sundelin et at., 1992). The sensitivity of photolabeling 
with these ligands to SP and CP-96345 (Table I, Fig. 3) further 
indicated that BPA®-SP and BPA^-SP were cross-linked with 
the SPR. 

This intact cell-photolabeling technique demonstrates that 
the SPR expressed in this natural (i.c. nontransfected) cell line 
is highly glycosylated. Reports of photolabeling of SPR pre- 
pared fr^m various other sources suggests a heterogeneity of 
molecular size. Dam et al. (1987), using a photoreactive SP 
analog in which Phe® was replaced by p-azidophenylalanine, 
demonstrated specific photolabeling of a single polypeptide, 
-46 kDa, in a rat brain membrane preparation. Boyd et al. 
(1994) reported that the molecular mass of SPR in rat tissues 
labeled with ^^*I-3-(3-iodophenyl-4-hydroxylphenyl)propionyl- 
€-Lys^-BPA®-SP varied from 53 and 46 kDa for submaxillary or 
parotid gland to 72 kDa for large intestine and 90 kDa for 
striatimi or olfactory bulb. Deglycosylation of each of these 
photolabeled receptors from different tissues yielded a discrete 
radiolabeled band of —46 kDa, while in salivary gland an 
additional band at —36 kDa was also observed. 

Limited V8 digestion of [^^I]BPA®-SP-labeled SPR implies 
that the smallest labeled complex, BPA®-SPR-3.2k, represents 
the interaction site of the ligand and receptor, as all other 
fragments are converted to the 3.2-kDa fragment at high con- 
centrations of protease. Since BPA^-SP has a molecular mass of 
-1.7 kDa, a SPR V8 fragment peptide with molecular mass of 
-1.5 kDa is involved in the BPA®-SPR-3.2k complex, DTNB 
reaction indicates that this peptide contains a cysteine residue. 
The V8 digestion map of the moiise SPR deduced from its cDNA 
sequence shows only four cysteine-containing peptides, with 
values of 10.7 kDa (SPR 79-172, 2 Cys). 1.3 kDa (SPR 173-183, 
1 Cys), 3.8 kDa (SPR 194-227), 1 Cys), and 11.1 kDa (SPR 
239-312, 6 Cys). The two larger fragments {M^ > 10 kDa) are 
excluded based on their molecular masses. Of the remaining 
two, the smaller (1.3 kDa) is clearly a much better candidate 
than the larger (3.8 kDa) for the -1.5-kDa fragment deduced 
from the V8 digestion studies. 

Consistent with the size prediction, HPLC elution behavior 
confirms that SPR 173-183 (1.3 kDa) is the photolabeled receptor 
fragment SPR 173-183 is a part of the relatively polar second 
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Fig. 8. Schematic model of the pep- 
tide agonist bindixig site of the mu- 
rine SP receptor. Black circles repre- 
sent the contact regions of SPR with SP 
analogs (BPA^ and BPA^). The third and 
the eighth positions of SP, respectively, 
interact with the NH^-tenmnal extracel- 
lular tail (SPR 1-21, MDNVLPVDSDLF- 
PNTSTNTSE) and second extracellular 
loop (SPR 173-183, TMPSRWCMIE) of 
the SP receptor. Shaded circles indicate 
residues essential for high afBnity bind- 
ing of SP as identified by site-directed 
mutagenesis. A, view in the plane of the 
bilayer; B, view from the extracellular 
side, normal to the plane of the bilayer. 
See text for further explanation. 
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extracellular domain of the SPR (between transmembrane do- 
main (TM) IV and TMV). with a hydrophobic index (Engelman et 
al, 1986) of -1.8. The addition of such a fragment to BPA^^P 
(hydrophobic index -15.1) would have little effect on HPLC 
elution position, as is observed experimentally (Fig. 6). Both the 
tracer alone, and its photoadduct with the receptor fragment, 
elute as sharp peaks at the same (--33% solvent B) position in the 
solvent gradient In sharp contrast, SPR 194-227 (-3.8 kDa) is 
comprised mainly of the very hydrophobic TMV region of the 
receptor and has a hydrophobic index of 35. Hydrophobic pep- 
tides elute from reverse-phase HPLC columns as relatively broad 
peaks at very hi^ solvent concentrations. For example, a pho- 
tolabeled transmembrane domain (a-M4, residues 401-428, hy- 
drophobic index = 36.9) from the Torpedo nicotinic acetylcholine 
receptor, with very similar molecular weight and amino add 
composition to SPR 194-227, elutes in a veiy broad peak at about 



74% solvent B in the same HPLC system (Blanton and Cohen, 
1994). Such behavior is inconsistent with the reverse-phase- 
HPLC elution of BPA®-SPR-3.2k (Fig. 6). Thus, molecular 
weight, HPLC elution behavior, and presence of cysteine, taken 
together, establish that the SPR region photolabeled by BPA®-SP 
is SPR 173-183 of the second extracellular loop, whose primary 
sequence is TMPSRWCMIE. Using a different SP tracer con- 
taining BPA at position 8, Boyd et oL (1993) also found labeling 
of the second extracellular loop of rat SPR in transfected hamster 
cells, a finding consistent wilJi the present results. Because the 
radiolabel in these probes is located at a site distinct frx)m the 
photoreactive amino add, radiochemical sequencing cannot be 
used to define the specific amino add of the SPR labeled by BPA. 

Limited V8 digestion of [^^I]BPA^-SP-labeled SPR sug- 
gested that the glycosylated peptide complex, BPA^-SPR-40k. 
represents the interaction site of the ligand and receptor be- 
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cause Endo F plus V8 mixed -digestion shifted the 40-kDa 
complex to a much smaller fragment. BPA^-SPR-S.Sk. This is 
further confirmed by HPLC analysis. BPA^-SPR-40k passed 
though the reverse-phase column in the void volimie, behavior 
common to very polar biopolymers such as carbohydrates. 
Deglycosylation of BPA®-SPR-40k converted the complex to a 
smaller peptide (-3.5 kDa) which was retained by the reverse- 
phase column and eluted by the solvent gradient at about 30% 
solvent B. There are two potential sites (N-X-S/T) for iST-Unked 
glycosylation in the SP receptor. Both are located in the NHg- 
terminal extracellular tail of the receptor, based both on pri- 
mary sequence (Sundelin et al,, 1992) and experimental results 
(Boyd et al, 1991b, 1994). The V8 digestion map of the murine 
SPR indicated that NHa-terminal peptide (SPR 1-21, -2.3 
kDa) contains two ^^-linked glycosylation sites, while all other 
fragments have none. The hydrophobicity index of this (degly- 
cosylated) peptide is -27.3, which predicts that the deglycosy- 
lated receptor fragment cross-linked with BPA^-SP would elute 
earlier than the free photoprobe. Consistent with this predic- 
tion, the complex does elute earlier in the solvent gradient than 
[i25j]gp^3.SP Thus, molecular size of the complex, the pres- 
ence of carbohydrate, and HPLC elution behavior, taken to- 
gether, establish that the NHa-terminal extracellular tail of the 
receptor (SPR 1-21, whose primary sequence is MDNVLPVDS- 
DLFPNTSTNTSE) is the insertion site of [^^I]BPA®-SP. 

Photoaffinity labeling identifies receptor domains in close 
proximity to the bound photoligand. Another approach to re- 
ceptor-ligand interactions, site-directed mutagenesis, identi- 
fies domains necessary for function, but which are not neces- 
sarily proximal to the site of that function. Chimeras of the 
substance P receptor with other tachykinin receptors (e.g. sub- 
stance K receptor) demonstrated the agonist hgand specificity 
of the tachykinin receptors is mainly determined by the region 
around TMII TMIV and also partly by the extracellular NHj- 
terminal domain of the receptors (Yoshifumi et al, 1992). Fong 
et al (1992b) found that extracellular domains of SPR (also 
known as NK-IR), including a segment of NHj-terminal tail 
and the first extracellular loop were essential for high affinity 
binding of agonist peptides. Furthermore, they identified sev- 
eral residues in the NHj-^^rminal domain (Asn^, Gln^*, and 
Phe^'*), first extracellular (also known as E2) loop (Asn^, 
His^^®), and part of second extracellular (also known as E3) 
loop (Ser^'^-Glu^) which are required for high affinity binding 
of peptides (Fong et al., 1992a). Other mutagenesis studies 
demonstrated that residues in TMII (Asn^. Asn®^, Tyr^^) and 
TMVII (Tyr^®^) are also required for high affinity binding of 
peptide agonists (Huang et al, 1994b). Analysis of SP analogs 
fiirther suggested the COOH-terminal carboxyamide of SP may 
interact with Asn®* in the second transmembrane domain 
(Huang et a/., 1994b). Taken together, these data demonstrate 
that both the extracellular and transmembrane domains of 
SPR are important for the peptide binding. The present studies 
identify the interaction sites of the third (BPA^) and eighth 
(BPA«) positions of SP as (i.c. BPA^ and BPA^ contact and 
photolabel) the NHa-terminal extracellular tail (SPR 1-21) and 
the second extraceUular loop (SPR 173-183) of the receptor, 
respectively. The results of the present photolabeling experi- 
ments and those of previous mutagenesis experiments are dis- 
tinct, in that the different regions of the SPR are identified, but 
not inconsistent. The photolabeling results do not match the 
predictions of a graphics-computer-generated model (Trumpp- 
Kallmeyer et al, 1994) of SP bound to its receptor. 

Combining the present results with those of previous mu- 
tagenesis studies, a model of the agonist peptide-binding site of 
the SPR can be constructed (Fig. 8). In this model, the COOH- 
terminal hydrophobic sequence -GLM-NHg of SP inserts into a 



hydrophobic ligand binding pocket between the transmem- 
brane domains and between the extracellular surface and cen- 
ter of the bilayer. This binding pocket is formed by TMII and 
TMVII with contributions from other transmembrane domains. 
The carboxyamide penetrates to the level of and interacts with 
Asn®* (Huang et al, 1994b). Other than this COOH-terminal 
tail, the remainder of the SP molecule interacts with amino 
acids on the extracellular face on the receptor. Specifically, 
position 8 of SP interacts with the second extracellular loop 
(SPR 173-183) and position 3 of SP with the NHj-terminal 
extracellidar tail (SPR 1-21). These regions of the SPR are 
highly conserved across species; 10 of 11 amino acids of SPR 
173-183 and 18 of 21 amino acids of SPR 1-21 are invariant 
across the four mammalian species whose SPR cDNA se- 
quences have been reported (Gerard et al, 1993). The binding 
site for specific, high affinity nonpeptide antagonists of the SPR 
is at a distinct location (Cascieri et al„ 1994; Fong et al, 1992a, 
1992b, 1993, 1994a. 1994b; Gether et al, 1993a, 1993b, 1993c, 
1994; Huang et al, 1994a; Jensen et al, 1994; Sachais et al, 
1993; Yokota et al, 1992; Zoffmann et al, 1993). 

Studies of other G-protein-coupled receptors have demon- 
strated that those which bind larger (>10 kDa) agonists have 
agonist-binding sites within their NHg-terminal extracellular 
domains. In contrast, receptors of this superfamily which bind 
smaller (<0.5 kDa) nonpeptide agonists have agonist-binding 
sites deep within the bilayer between the transmembrane do- 
mains (Bockaert, 1991; Dohhnan et al, 1991). The smallest 
neuropeptide, thyrotropin-releasing hormone (360 Da) appar- 
ently also binds within this same region (Perlman et al, 1994). 
Recently Gerszten et al (1994) found that the specificity of 
thombin receptors for peptide agonists was determined1)y the 
extracellular face of the receptor. Substance P, a peptide ago- 
nist of intermediate size, apparently interacts with both the 
extracelltilar region and transmembrane region of its receptor. 
Thus, the regions of interaction between SP and its receptor 
include elements of both the large and small agonist-receptor 
systems. Other bioactive peptides among the dozens in this 
intermediate size range may similarly interact with both the 
extracellular and transmembrane domains of their own G- 
protein-coupled receptors. 
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.STRACT Human parathyroid hormone ha9 been 
lated m highly purified form from human pamthyrotd 
^rioma5. The primary sequence of the amino-terminal 
rcsiducb of the human hormone was obtained by auto- 
ted dcfn^dation with a Berkman SeriiK-ncc'r. The 
•^nylthiolivdantoin amino acidr* were iduniifiea bv '^a* 
roniatogruphy and mas« spectrometry. Ihe fir4t"34 
idues of humun parathyroid Jiormone difTcr from the 
• inc hormone bv »ix residues, and from the porcine 
ouoric by five reaiduco. The amino*lcrmina| residue i* 
ine, aimilar to the porcine parathyroid hormone: 
vine parathyroid hormone cnnUins an amino-tcrminal 
. .nine. Human paraUivroid hormone ccntainB two 
1 "thiomnc rcftiducft. similar to the bovine species, whorea. 
' rcine parathyroid liormonc contains a single metliionine 
I .due. Amino-acid rer^iducs in the fir^t 34 that arc unique 
I llie human sequence include an asp&raginc at position 
> . phuamme at position 22, lysine ul pofiiiion 28, and u 
I ^cinc at posit ion 30. 

r- ir.ng ;he last few years, a iigniScant core of informatioa 
been obtainfct'l by sevGral laboratories on rlic chemistry. 

tio&yiuhesis, and .-recretion of parathyroid hormone (Pl'fl)! 

These studies have indicated that this hormone is initially 

tyatheiized as a prohormone, pro parathyroid hormone (1-4). 
. Proparathyroid hormone contains about lOG amino acidic,' 
and has an api^arenr molecular weight of 32,.500 (4). The 
prohormone is rapi-l'y converted ir.io the .storaul .>r glandular 
:orm of :he hormone, which consists of 84 amino acids and 
ha.s a molecular weight of 9500. The complete amino-acid 
sequences o: the 54 ammo-acid parathyroid hormone from 
Covuie (5, o) and ;;orcine (7) species have been reported. After 
api^ropriate phyciological stimuli, the 9500 molecular weight 
:orm of the i)ararL>Toid hormone is secreted into the circula- 
tion (S). Shortly after entering the i>eripheral circulation, 
the glandular lorn; o: the hormone is cleaved into smaller 
fra^rments. Gel nliration of human hyperparathyroid serum 
|>y sevtrdl investiKMtors has revealed a major immunoreactive 
fragmcntCs), with a nr.olecular weight of 5000-8000,. and 
several mirror compor.enrs (S-iO). Immunochemical heterf>- 
genoity of the cirrulaiir.?; human parathyroid hormone. i)re- 
Numubiy due to the difTcrent mokcular fonns of PTH, Was 
Jr.itial-y reponed by Berson and Ycilow (H), and has been 
ccnhrmed by ocheis (12. 13). The specific site(s) of cleava-e 
in the S4-am:no.a.-rid polypeptide chani of the imrathymTd 
hcrrr.or.c' in the aera: circulation is uiiknow,-.. .\ bioit.-- 
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cally active peptide fragment of bovine l^H, prepared by 
dilute acifi cleavaj^e, lias been reported (14, 15), a result indi- 
cating tliat the intact Si-amino-add polyi^eptide i.s not needed 
for biolo^ncal activity. This j)eptidc ha.s been identified as the 
amino-t-erminal peptide of the hormone, and is composed of 
the initial 20 residues of the sequence (15). Synthetic iJcptides 
of the fii-st 34 residues of the iKiviue hormone (16) and the 
initial 30 residues of the porcine hormone (17) have been pre- 
pared and are biolo-ically active, thereby confirming the 
localization of the bioloiically active reffion of the ))araT.hvroid 
hormone to the amiiio-terminal third of ihr .S4-aniino-;<c-id 
polypeptide rliain. 

The pun30.se of this communication U to report the amino- 
terminai sequence of the C^nst 34 residues of luimau para- 
thyroid hormone^ and to compare the amino-ierm::ial .se- 
quence of the human iiormone to that of the bovi.Me and 
porcine species. 



MATEIUaLS AST} METHODS 

. Ihe human i)arath\TQi d hormono used In theye :ftudics wa:s 
isolated from T)-inf!n-rnir! -^W^^.f^^nr' -* )tain^ from imlSItr 
undergomg surgerv for hvnernarathvrflirM.<m Dried, defatted 
parathyroid tissue wa^ ijiitially extracted with S M urea in 
0.2 X hydi'ochloric acid, and fr.ictionated with ether, aretic 
acid, sodium chloride, and trichloroacetic acid {'VOX i)owder) 
(18). The TCA powder was further i^iirilied by -el fiitraiion, 
followed by ion-exciian^e chromatosmpiiy oa C.M.sei»i;adex 
with an ammonium acetate gradient. Lsohtion o( the I)or- 
mone was monitored by radioimnmuoa.s.^ay and disc-gel 
electrophoresis. The procedures usefl in the isoI:Ltioii and 
charactoiization of the hormone will be cle.'^-ril:>ed in detail 
in a separate report. 

Amino-acid analyses were [lerformed on a Herkman- 
Spinco automatic amino-acid analyzer, moflel 120IJ or 121 
adapted for hi-h sensitivity or with a Durrum model 600 
analyzer. Analytical disc-gel electropiioresi^ ivas jierformcd 
m S M urea at pll 4.4 (19). hnmuaoassay.s xvere performed by 
tlie procedure of .\rnaud et aL (20) . 

Automated Edman degradations were performed with the 
Beckman Sequencer, model 89011. in 1 M Quadrol buffer, 
Tlie phenylthiohydantoin (PTII; amino acids were identi- 
fied hy regeneration to the constituent amino acid bv hy- 
drolyM.s with hydroiodic acid for 20 hr at i:30^ (21), «as-iiquid 
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Fig. 1. DUogel elecuophoresis of purified human {left) and 
bovine (right) parathyroid hormones. 

chromatography (22, 23), and mass si>ectromotry (24-26). 
Chemical ionization mass spectrometry was performed on a 
Finnigin nmss spectrometer equipped with a PDP-S/e Digital 
computer, and a Comi)lot Plotter. Isobutane was used the 
carrier and the source was maintained at 200*. The sam- 
pled were applied by a direct insertion probe, and the probe 
was he;Ued from 30° to 250° over a 90-sec period. Electron 
impact mass .spectrometry was performed on an LKB mass 
spectrometer, model. 9000, wiih a direct insertion probe and 
an electron energy of 70 eV. 

RESULTS 

The purified human parath>*roid hormone migrated as a 
single component on disc-gel electrophoresi^i, with a mobility 
identic?.! to that of the bo\";ne parathjToid hormone (Fig. 1). 
Amino-terminal i^nalysLs of the purified peptide by the Edman 
technique reveaied serine. 

350 ainoniolfci; of the ])urined hormone were dec^-aded on 
the Beckman Sequencer by u.se of a single cleavage of hcpto- 




F:c. Anunu-acid sequence of the tirnioo-terminal 'M rcaiducb 

of hitiu.'Ci pcu'athvrtiid liuritiunc. 



fluorobutyric acid at each degradation. The results of the 
degradation of the first 34 re^iflues of the human parathyroid 
honnone are shown in Fig. 2. The chemical ioni^cation masrs 
spectra of the phenylthiohydantoia (PTH) amino acids ob- 
tained at each of the 34 steps in the sequence are showr* in 
Fig. 3. A "quasimolecular" (QM^) or major fragment::ry 
ion is observed in each si>ectrum (25). At step 12 in the se- 
quence, a quasi molecular ion for glycine im/e 192) and leu- 
cine (m/e 249) are observed (Fig. 3). Quantitation by the ^as 
chromatography method of glycine (0.28 >*M) and leucine 
(0,09 mM) permits definitive identification of glycine a* the 
twelfth amino acid in the soquence, with the leucine resulting 
from overlap from step U (Fig. 2). The ion at m/c 292 and 
293 in the mass spectra of .st49p 20 arft contaminant ions often 
observed in variable amounis in the aqueous layer of the 
Edman reaction. Leucine/isoleucinc and lysine/ glut a mine 
yield identical masses of m/e 249 and m/e 264, respectively, 
on chemical ionization moss spectrometry. Lysine, however, 
can be distinguished from glutamine by the fnigmcntary ion 
at vi/e 306, as illustrated in the spectra of residues 2G. 27, 
and 28. Lysine/glutamine and Icucine/isoleucine were also 
readily differentiated by g:iS chromatography on the CFC 
blend (23) and by electron impact mass spectrometry (24, 
25). 

These combined results provided a single umque sequence 
for the first 34 residues of human parathyroid hormone (Fig. 
2). 

DISCUSSION 

The amtno-acid sequence of the first 34 residue--^ of luinuni 
parathyroid hormone id of major importance, since previous 
studies of the bovine and pdrcitie si>ecii&>i have indicated tluit 
this is the biologically active region of the native honnone. 
The first 24 residues of human mi differ from bovlnt; PTH 
by sbc residues, and porcine PTH by five residues (Fig. 4). 
The amino-tem^inal 15 re.'ridue.s of human .ind porcine PTH 
are identical; however, bovine I'^fil differs from human and 
■porcine PTH in position 1 and 7, where alanine substitutes 
for serine and leucine I'eplaces pl^enylalaninc (Fig. 4). In the 
remaining 16-^^4 region, human lI'H dlfrer^i from ixiroine 
PTH by five residues, and from bovine J'TH by four residues 
(Fig. 4). Human PTH contiuus two methionine residues- 
similar to the bovine species — whereas porcine PTH cor.tains 
a single methionine at position S (Fig. 4). The human se- 
quence is unusual in that it contains four consecutive basic 
residues (arginine residue 25, and lysine residues 26-2S). 
Amino-acid residues in the first 34 that arc unique to :he 
human sequence include an aHparagiue at position IG, gluta- 
mine at position 22, lysine at i>osition 28, and a leucine at 
position 30. 

One of the major i)robIoms in the cUnical assessment of 
patients with disorders of mineral metaboUsm has been the 
difficulties encountered with the ladioimmunoassay of human 
parathyroid hormone. There have been two basic |)roblems 
with the immunoassay of iTII. The first problem, as dis- 
cussed above, has been the prcJ^ence in the peripheral cir- 
culation of peptide fragmeutii of the 84 amino-acid polypep- 
tide chain (8-10). Antiscra from various laboratorie-< un- 
doubtedly have immunologiical determinants for diiTerenc 
regions of the intact molecule, thus leading to variable and 
sometimes inconsistent results when apj)lied to the measure- 
ment of PTH circulatinj^ in Innnan blnod (27). In .addi:ion, 
.the dilTcrcn^iaCion by imuiuiiua^cay of Inuluj^ically active 
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^ parathyroid hormone. 

.ic-:emi:rial fragments from inactive :ragmentd has £o far 
bt- 11 irTiposiible. The secoDcl difficulty has beea the utiii^a- 
ti- . of heterolcgous a.s.sHys that use radioactively hboled 
hi.' . ine horinone as the tracer, aad antibodies prepared against 
tli- bovine or porcine hormone {2&-30, 20). The ^ieasitivitie5 
c: :.iiO£f ai^-says are variable, atxl depend on the cress reac- 
ts': :y o: the particular antiserum with the human hormone. 
A.< noted above, the human secjuence in only the initial thiitl 
of ;lie molecule diiTers from the bovine by 5i.\ residues and the 
Porcir^e by nve amino acids. 

H:.bcner ct aL .31) have attempted to circumvent some of 
the.rc prcblema with the immunoassay by the devcJopment of 



amino- and carbo.xyl-specific antiiiem. Tlie-'re invcstigator.s 
have ased an antibody prepared against the bovine hormone, 
and have absorbed tiieir antiiei'um with either the synthetic 
1*34 bovine fragment, or a 53-84 fragment prepared by 
chemical cleavage of the native bovine lirtmiyue. The amijio- 
terminal si>ecific uiitiserum was further chanicterized by dis- 
placement with synthetic bovine fragments, and the recogni- 
tion aite of this absorbed antiserum was shown to l>e directed 
toward residues 14-19 hi the bovine sequence. Usins: this 
approach, they Imve concluded that the major fragment in 
the human circulation is carbo.vyi-terminal. and biologically 
inactive. They were, however, unable to identify the amin^v 

HUMAN PARATHYROID HORMONE 
^5 10 15 20 25 30 34 




> ^i<;, 4. ConipurL-on cf tht amir.o-acid sef;uence of the 



amino-terminal :U rotidiie^ of hiunan-. hnvine-, and portincsparuthvmid ht^r- 
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terminal fragment in the circulation of human subjects. This 
riiay be due either to rapid clearance of the amino-termiiial 
fragment from the circulation, or to poor cross-reactivity 
of the amino-terminal specific bovine antiserum with the 
amino-termlnal region of the human hormone. It is of in- 
terest that the human sequence differs in the 14-19 region 
from the bovine hormone by the substitution at residue 16 of 
au asparagine for a serine residue (Fig. .4). The significance 
of this substitution in the human hormone to the results ob- 
tained by Habener et ol. with their amino-terminal specific 
bovine antiserum is unknown, Canterbury- and Reiss have re- 
ported reiulis on the nature of the circulating fragment of the 
parath>Toid hormone that are in contra:it to those reported by 
liubeu'er et al Usinp; an antiserum ]uepared against bovine 
parathyroid hormone, these investiiiitioi^ have identified three 
different immunochemical forms of the parathyroid hormone . 
in the peiii^heral circulation of hypen)aruthyroid patients (32). 
The molecular weights of these three components, as deter- 
mined by ftel filtration, were 9500 (presumably gianduiar 
PTH). 7000-7500. and 4500-5000. Recently, these investiga- 
tors have directly assessed the biological activity of these 
three fra;;ir.cut< i:i a ren;il :id*-tiylaio eycla.-^e iv.'jtein (33). I^»th 
the 9500 and the 4500-5000 irasmeut stimulated, tlie adenyl- 
ate cyclase syitem, whereas the 7000-7500 con»i>oncnt was 
inactive. These results are consistent with the presence of an 
amino- terminal biologically active fragment of F1"H of about 
one-liair tlic size of the glanduiar hormone in human hyper- 
pavathyioiri .serum. 

The d*?tennin.itioii of the amii.o-terminal sequence of .the 
human paratlivroid hormone will jio^v permit the synthesis of 
peptides baied on the human .sequence for both clinical and 
inveiti^ative use. S\nuhetic fragments, ajj well as chemical 
analogues, will permit more dennitive studies to be performed 
on the chemistry of the human hormone, including the si>ecific 
residues and the minimum length of the iK>iypej>tide cliaia 
that is required for biolo.i^iical activity^ In addition, these syn- 
thetic :raf:ment!> will enable investigators to characterize the 
heterolo;;ous antisera currently in use in the immunoassay, 
and to develop specific antisera directed toward the amino- 
terminal region of the human hormone. Antisera based on the 
human ^;equence will enable more detailed studies to be per- 
formed on the nature of the circulating hormone in man. and 
itb role in calcium homeostasis and metabolic bone disease. 

An ir.tgrr.s^riofial coop^^*'- ^tvp efrripL hits made the work repoited 
in'th is miinu-scrin* po&gible. More than 150 indiviQuai lauuruloriea, 
•p hvfiictar.g. sur;fef^n3. anc pataorogista aonnicd human ^nr a^ 
t^v rnici rir^i^uc lor lise in thg er>rr>etto n f\nd p^nhcfition ot^e 
human pRrb.thvroid honnone that wag uacd in the determination 
^Tn^^^ ^>p^'rB! vJ-j!|i'M?iL'tf r! lUtf iigjnan hormone r^mrr. 
/^^c r i ^flr^r;; lUnnr n. vheir names h ore ; howeverrihey arc 
' Cicated by human PTH .?ti:dy groups from Australia, Canada, 
Europe {Btlgium, Germany, Holland, and Switiicriand ), France, 
Japan, Mexico, Spain, Sweden, find trie United State*. A great 
ceiv! ot the crcdi: for the resuUb reported ii; thii. manu-script la 
dae ;o the untiring efforts ot thetoO itidinduals. We aihO lhank Drs. 
Henry Falea s.nd Bill MLine for :hcir iLwist^nce in tlic mass sper- 
iromeiric anaiyht-ii. The exc<jilftnt technical a5si.>tancc of, Mr. 
Wavnc BlaucliarH. Mrs. M. Julitirivd, Mr.-i. Judy Larsen, Mi^a 
Ana Kciiy, nnd Miba Jzinice J^eorrler ia gruicluUy acknowledged. 
Thia work Was supported ;n p.in by f;ri»nts» fiom ;ho U.S. Public 
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ABSTRACT The »cqueiice of tlie amiiio-tcrminol 37 
residuco of human paratU>xoid homionc hus been cstab- 
Uahcd. Tlie hormone ini>c<i in the»e f*tudic?' was Uoluted in 
higlily purified form from parutlivroid adenoma la and 
wa5 subjected to automated degradation io ufieckman »c* 
qiienoer. A hif;h-e-en9icivicy «cqucncinp procedure employ- 
ing "S-labcled phcnylibotUlocyanate of high specific ac« 
tivity ad the coupling agent was used. The sequence ob- 
tained dirTcrw from that of bovine parathx rotd hormone in 
three of the fir^t 37 positions, and from that of porcine para* 
thyroid hormone in two positions. A 5in^lc human-^pccirie 
rc.<;iduc was found (aeparaftinc 16). The acqucnce obtained 
difrer» at three jio^itioits (22. 28. and ^0) fr«»m the »lructure 
for iiuman parathyroid liormouc reported recently by 
Brewer etn/. 1(1972) >roc. Sat. Arafl. Sci. t 'SlA 69, .1. '415-3 3^88] 
and synthesized 1»> Andrcatta vt uL [(I'O) Heir. Chiin. 
Actu^ 56, 470-4T31 We iiavc carefully reviewed our data, re- 
ported here in detail, on tiic ticquence po.siliona in di.<»pwtc, 
We mu^t cunc)udc, on the bo-^i^ of all avuxlable data, that 
I he :»tructurr that we propose is the I'orrcCt structure- TIlC 
objective reisolution of tJie»e difccrepanrics in yCrtictural 
analysis through further chemical and immunochcniieal 
studies is important, ftincc Bynthc>iii of human parath> roid 
hormunc, in which there ia widespread interest for physio. 
logical and clinical studies mii»t be based on the correct 
sequence of the human honnone if the peptide is to be 
genuinely uDcful. 

Substiiniial advances have been mnHe in recent years In our 
krowledi^e o.' ratify rniri horni' iii-s. rl;n"ii;h stucii* - pii- 
mdry structure (1-3), itructural requirements for bioiopcal 
ictiviry (4, 5}, biosynthesis (6-S). and metiboliim (9-14). 
Most of th*->e studies, including liif development and npijlica- 
lion of radioimmunoASAays capable of measuring i^ia.sma 
I>iratliyrniri hormone leveU in man, have depended di- 
rectly or indirectly upon the U5c of the bovine arid porcine 
hormones. Purified human parathyroid hormone (IIPTH), 
on the other hand, ha-s been available in microgram quanti- 
tioi. suficient only for llinited studies of its chemical and im- 
:r*oiiolocic:i I properties (15). 

Recent improvements in extraction and i.-iohuion tech- 
r/x.ues, HI id the development of 'ni-h->enf:itivity metl\ods for 
ne:.ti(it: scque::ce analy5i.'* have permitted us to detonuuie ilie 
:vfr.;:io-itcid sequence of the amir.fvtenninnl biologitally active 
portion 01 HPTH (Fig. 1). 

After the bubmi^cion for publication in abstract form of our 
nndin;:i r >r the X-terminal 31 re.<irines of IIPTII (24). tho 
repon of Krewer ct al. (20) of their own uidependent ^^nJ^- 



Ab.->rwan'tn.s: lU'Til. hviman parathyroid luinuune: FTIT. 
pticnylthi<iii-'(iantoin; TLC. tbiri-hvyor rhromA!opraphy; MIH, 
nr.r}r.o-itid<»hiNtidine: IMH. cli-iodohisTidinc. 



tural studies on HPTH was published. Marked diacrepanciei 
between the two structures, which differ it) three of the fir^t 
30 residue.s, have prompted us to reexamine our data for eacii 
cycle of the several degradations i>ertormed with the ])he- 
nylisothiocyanate method. 

We now rej>ort in full the strategy and methods mcd in our 
sequence analysis a> well a.s the quantitative aspects of the 
resulu and discu.<s the nature,, imidications, and ]jo*jible :ip- 
proache-i to resolution of the differences l>etwden the findings 
of lirewer ci al. (29) and oorselves coneenihig the sequence of 
the amin^v-terminal portion of human i)arathyroid honnoue. 

MATruivrs v\n mcthuos 

The MPTH u>ed in ihe.<c studie? wa-r: extracted from 500 fi* 
of pooled human adenoma tissue by use of 8S% phenol, fol- 
lo\ved by treatment with 6% NaCl and precipitation with 
trichloroacetic acid (15, IC). Tlic hormone was further puti- 
fieri by 2;el filtnition on Bio-Gcl P-lOO (Bio-Rad Lcibora- 
to^ie^; Richmond, Calii'.) and ion-eNchangc chromatography 
on carboxy methyl-cellulose (Whatman CM-52; Reeve Anjrel 
Co., Summit, X.J.) (16). Hormone purification was monitorial 
by nidioimmunoas?=ay (11). 

Auton\atod Kdman dc^adation.-f were performed on tW. 
Bcckn-uin nuidcl fiOO ?K»ctvu. in*or (l^orkman IiL'itrumeuts, P:iIo 
Alto, f':dir.) iisina th*; .^nglo-coupUnjr, double-cleav;L;L;e 
mot hod of Kdniaii and I^c;;;; (17),. and othrr [irocodures rr- 
ccntly described (IS). iNIanual Edman dep-iidations wer^* p'-i- 
formcd as pre\*iou>ly described (19). Rra^ents and ?nivent>: 
were obtained from JScekman Instrunu>ni>. ^\^-Liibrlcil 
phenyhsothiocyanatt^ was obtained from Amcr.sham /Sear 
(.Arlington Heights, 111.). 

The ]ihenylthiohyd;intoin fFTIH derivativos were identi- 
fied by tliui-byer chromatography (TLC) on silica gel ph\io> 
(.^naltcch, Inc., Xcwurk, Del.) (17, 20) and l^y puyliquid 
chromato;traphy (21) nsin;: a two-column system (10% I^C- 
o()0 and 1.5% AN-<)00;. PTTI-hi>udiue w.i.-< idrntim^ri Uy Om' 
Pauly reaction (22; and PTII-ari;i»niu-. by the phtinanciircnt - 
quinonc reaction (2:5). Quantitative yields of tlu*. PTH-amiiu>- 
;ieid dcriv;itive.s at t*ach cycle of flcsradation wore dc-tcrmini'd 
by comparison with known standards on ;:a.s-li(ivnd chroma- 
topraphy. The [*^S]Pl'H-amino acids were .separated by TLC; 
the r:»itn:irrivo ^ni/{s wr-rc irientififHi hy antorndiocraphy and 
qiuntil;in-»i in .i Parkartl model o375 liqni'l scintilhuiun 
counter M'ackard Instrument Co., Downers Grovr, 111.). 

Mono-ii«iohiKtidine (MIH) and di-iodoiiislidinc (Dill) 
wcrr >ynil)i*.<i2(il i»y the nicthnd of nrunnin;:^ (25) usin;: llie 
modlfication.ii of ft>avoio cl nL (2C)). The phenyl Uiiuhydautoin 
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TaBTx 1. Autamaltd Eiman itgradction of Tiatioe HPTH 
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Parathyroid Hormone 3.S5 



FTH-ammo acids 



PTH-azmno acids 



C'vcle . Found 



Yield 
(nmol) 



Cyde Found 



Yield 
(nznol) 
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Set 


80.0 


21 


Val 


23.3 


Vol 


130.2 


22 


Glut 


10.5 








Thr 


7.3 


Ser 


S5.3 


23 


Trp 


10.1 


Giu 


71.4 


24 


Leu 


18.7 


He 


10S.6 


25 


Arg 


13.0 


Glu' 


20.7 


26 


Lys 


14. C 


Gin 


35.0 








Leu 


97.5 


27 


LyB 


15.0 


Met 


61.5 


28 


Leu 


11.0 


His 


42.2 


29 


Glu* 


3.1 








Gin 


2.8 


A.SP* 


oO.G 


30 


Asp 


4.5 




20.1 








Leu 


97.5 


31 


Val 


9.1 


Gly 


47.5 


32 


Serf 


0.7 


Lys 


62.1 


33 


A5P* 


2.7 










J 


Hi? 


•:7.6 


34 


Phe 


3.0 


Leu 


oo.S 


35 


Val 


3.0 


Asp* 


17.7 


36 


Ak 


1.4 


J^ix 


1S.1 








Ser 


43.0 


37 


I^eu 


2.1 


Met 




3S 






Glu 


20/2 


30 


A1& 


1.2 




16.4 


40 







li dcaiTud2.iion during the conversion reaction accounts 
■sQtnce of the tree arid as well Sh the amide form at posi- 
• t 20 (f;liicainitj<.:^) and p'j:>iLions 10, IG, and 33 (aspara- 



rt for di^cis^ion. 
I Tl,_ ifientincation. 

ivaiivcs of MIH ami DIH \verc prepared as described by 
Small "27). PTH-MIH and PTH-DIH were separated from 
lothiT PTH-amino-ncid derivatives by TLC in the solvent 
Btcm ?i4>atyi aco::* te ; wafrr : propionic ncid : f ormamido 
■iOiSOOiXOiGO). PTH-[»=^I]M1H and PTH-[^2*I]DIK were 
enti&ed by cochroma:ogjaphy with their respective ^'^I de- 
Miv<?s followed by autoradioe;raphy. and quantitated by 
nxUiY^ ill a P.ackarrl :nodel 3001 gamma well spectrometer. 



L.r 

50; 

i ! 

L 



1 1 • $ 6 7 6 9 10 il 13 !• 15 lb 

NH2-S£R-VhL-StR-au-lL£-6L\-L£U-fO-HIS-ASN-L£U-6LY-LYS-HIS-L£U-AS!( 

n£T i« 

GIL' 19 
VAI. 2: 

. . .LEl)-ALA-VAL-PHE-ASiVHIS-VAL-ASP-6Ui-L£U-LYS-lYS-ARG-lBJ-TRP-GLU 

37 .-6 35 33 32 31 3C 29 2fl 27 a*: 2> J- 53 32 

Fig. 1. The amincntenninal 37 residues of human parathyroid 
hoimone. 



Cleavage of the hormone with cyanogen bromide (CNBr) 
was carried out in 70% formic acid for 12hr,20'*,tvitha 100-fold 
molar excess of CNBr. Digestion with TPCK-trj^psin (Worth- 
ington Biochemical Corp., Freehold, N.J.) was performed in 
0^ M trimethylamine acetate buffer (pH 9.2) at 37**. for a 
period of 2 hr using an en2yme-to-.<iulvitrato ratio of 1/100. 

RESULTS 

Purified HPTH (140 nmol) was subjected to automated 
Edman degradation for 40 cycles. The PTH-aniino acid de- 
rivatives identified at each cycle of this degradation, and 
their yields, are presented in Table 1. To illustrate repetitive 
>ield these results are also plotted in Fig. 2. 

As shown in Table 1, unique amino-acid assignments, and 
quantitation o: the single re:>ldue identified, were possible at 
all but two of the first 37 cycles of this degradation. At c\'cle 
22, endence was obtained for two residues, threonine and 
glutamic acid. Since the qiuintitative recovery of both of these 
residues can be low, further experiments were performed 
prior to definitive assignment of position 22. At cycle 32, a 
rUe in PTH-5erine above background levels w:ts observed. 
Howe\*er, its yield (Table 1) was considerably below that ex- 
I^ected, even for the labile phenylthiohydautoin derivative of 
serine (18). Although histidinc is present at this position la 
porcine and bo^'ine parath>Toid hormono:f. this residue O'luld 
not be detecicd either by the Pauly method or by a definite 
incrca.*^ in radioactivity associated with (***S]PTH-lnsti(liiie 
at thi> cycle. However, .since the overall yield at this stape of 
the df^adariou was near the detection limits for hiiitidiuc by 
these methods, further eN-periments were performed prior to 
assignr" ent of this position. 

The presence of methionine at positions S and 18 of the mx- 
tive hormone accounted for both methionines found by aniiiio- 



FiG. 2. Yields of phenyl thiohydantoin- 
amino acidd obtained during; auioniated de- 
gradation of native human parathyroid lior- 
monc. Sec Table 1 and text. 
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7 e 9 10 M 12 19 t« l& (6 29 aO 31 U 33 M 

CYCLE NUMBER 

Fig. X Release of radioactive (^Mj^jabeled) phenylthiohydan- 
toin cierivutives of mono- and di-iodohi:ftidino duriiif? automated 
degradation of '^^Maheled human panithyroid hormone. The 
break in the horixcjnial u-sis isf iutrodurod 1 o i^ijnpHfy the praswula- 
tion. No stKnificani re!e;i>e of hi/itidinc-;v.v*oriftted radioactivity 
WAS Bfien in cycle*; 17-2S. [***I]Huilidine was found at cycles 0, 
U, and 32, indicnrinR the presence of hustidine at these prwitions. 
Sec tczL Xiimbtrs <»» the ordinatefs arc to be multiplied by the in- 
dicated fartora 10 ci\\\A\Xi the experimental v.iUicii. 

acid analvsis (IO7. TI1U iadicair^fl tlut cleava;jc of the humun 
hormone with CXHr should result in croncratioii of throe 
principal jioptiili - rrpn--eutiuii- nv-iduc* l-S, 9-IiJ, and 
carbo.vyl lerminu.- 01 the native hormone. HPTH (27 nmol; 
was cleaved witii CXBr nnd the \nifracuonutcd i)eplidc n\ix- 
ture .snhjerted to 19 i-yt-lcs 01 lidmau degradation. The rosiilts 
are nr»:*>{-ii!cd ii: Tabli- 2. The ONportcd l-hrof* ^nd-;^^oup>, 
J56r^ Hi>^ and G!u*° wprp identified at cycle (inr of the dc^ra- 
datloii. At cydc 4 of tlu.» rie;;radauon, a)rrc?^j)yiidin;c to resi- 
dues 4. 12. and 22 of tlic iutiict hormone, only I'TH-Glu and 
PTH-Gly were obscrvpd in si;:nificant yiehl. Xo threonine 
was drirciid ;r ;hi> rvrle. Tlior<':nn'. ;ihunniic ;tt:id \va< i\>* 
>l;:Ticfl a.* residue 22 of native HPTII. The Miinificniito of tlir 
nuditi;: of threonine in the ainino-terminal degradation re- 
mains uncertain- As can be 5cen in Table 2, thi» results of the 
CXr^)' mixture analysis also provided complete confirmaiioii 
o: all rc>ifiiic ji^.^iin^mcnts mudo on the l)a>i> of the a mint 1- 
torminai deLTadaiion on intact IIPTH. 

Since the limited supply of purified UPTIT excluded tlic 
nse oi* convi:n:ioijal ]>rotein chemical methods for recxamina- 
ti;;:: 0: Mti^iriun '.\2. an rdtcrnariv^* r;nlinat;u\r mi'TO-mclhud 
wai develniK-d ><» j)rrniit detfction of histidinr residues. Pnri- 
nod HPTIi <0.7.' u'^} inilinaifd vitli '-'I In" a niodifu-aiiuji 
o: the Hunter- Green vvnofl procedure (2S). Unlabeled bovine 
pirarhyroli) iiornionc was then added an carrier and rhc mix- 
ture wa^ <;n;;rjdftl in the sequencer. At e.nch ^^yclp, the radio- 
acdvity rniiTatiti- with PTH-f>='I]MIH and PTIi- ['^1)0111 
u;. TLC was determined. These data (F\%. 3) demonstrate 




3 4 5 6 7 

NUMBER 

F:f:. -;. l^cle.'i.'^ rtf rftciloarrive M^T-iaholcd) phctivhhiohvHnn-- 
l^ir. (ic^•:^■^:lv^* nl*inim(>- :im( (l:-.<'.;n(ii*t it[;j;c 'l-'i'ln;; di-t>' W.i' 
of :> iryp-ii- diir,^L ni i.>dtri:i»fil IIl'TU. 1 li.-ntiiiii; \\tx> it- 



Cycle CNDrl CNBr2 CNBr3 



Yield of PTfl Derivative 
(nmol) 
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Ser^ 


Hii» 


r.iii" 
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Val 


Asn 


Arp: 
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Ser 


X^u 


Val 
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Glu 


GIv 


GIu 




He 


Lys 


TrD 


\i 


Lrm 


XI 15 
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Leu 


Leu 




Q 






Lvs 




Iliii 


Ser 


Lvs 


10 






Leu 


J I 


l^U 




\AT\ 


12 


Oly 




Asp 


13 






Vol 


U 








ir, 








in 






P!ie 


17 








l« 






Ala 


:!> 






T.CMI 



<grj^ His*, Gly 27.0 
"Qain^ Asn 4.3, Ar^t 
^r^^Leub.C, Vftl 
18.4 

}luT|> Gly 3 .1 
je~iq7S Lys:, Trp 58 
^nT^His*, Leu 10. o 
^'iij).g)Argt 

jjsNSfcr 4.2, LysJ 
jsg fjLou 7.0 
j^Jl^ Gin 4.6 
C^n< A..p2.3 

A>u| 
Ph«-Vr, 
Viil -i.r, 
Ala 2.0 
l^n -'.0 



" Identification by PauJy reaction. 

t lUeniificnrioii by phciiamhienequinonc reaction. 

X Identifirntion bv ihin-layei' chrom.ntoin Mjjhy. 

jj Presence of mcihioaine m t-ycle ^ wiiJi liic followinf; four resi- 
fliies obtained at cycles !>-12 indicate'* that rleava;;c of the Met'- 
fli.s* bond by cyanopen broiiiide was inconipleie. Residues from 
' hisse(|ni»ni'e, pie>»ut<:M'ly roprc^cnlini: the 1-1^ pppridc fra;;nicni, 
rniild jiut be detected >nb.scqvient to cycle 12. 

* Hi^iiclirte. s>il)*tuiui*iiiiy found i<» iM-rtipy iin^itiun .>2 (see tvxt) 
wiia nor del cc led ai vKe e.vp«cLcU cyrle u»nnib«i' 14) oi Uii? 
iieKfadatiiTtl. 

the presence of hisridine at cycle 32, and confirm the hiftitiinc 
nt cycles 0 and 14. 

To confirm these results further, and in particular 10 c.'v- 
aniine the difference.'^ between Brewer, e^ 0/. (20) and ourselves 
foncertiins; the luturo of residue 2S, iorliuated HPTfl wci?. 
•ii;:est<'d with iryi^ii: and tlien subjected to Ednian dej:r;irt:»- 
tion for seven cycles. The l^rif derivatives of P"-'I1MIH and 
.'■^IjniH wer^ I'ciuitl .it ryrles I :i;.d m' the deirradation 
FiR. 4). The histidine at cycle 1 luither confirmed tlie 
Lys"-Mis*^ sequence already determined. The find in;: (jf liis- 
tidine at cycle 5 would be jircdicted on the ba^i-S of tryjHic 
rieava;;e carbo.xjd to Ly-s^, and therefore hr)th .support-^ tne as- 
signment of His^= and ar^ue^ a;;aii].st the re)iort of Brewer ct nL 
(20) that residue 2^ is lysine. 

DISCLiSSION 

The ainino-termintd 'sequence wc propc-c for IIPTH differs 
from that of b*'^th the bovine and the porcin*? hormoitei. 
MPT 1 1 differ-i nnjn bnvihi- .•:ii';Uii.\'nnd Ivninnno \T\\r. 5) at 
l^o.sitions 1, 7, and 16. The porcine and human honnoncs difTer 
at positions 16 and IS- .Vsji>* i.> the only unique residue found 
in tliJ* iH'tivp rp^ri'ui Mr}iutrviii nrMVithymi'l Iionnrinp. 

l'ne,\pectedly, nur >irurf.iu'e differs ai fiitcc p(.siti()ii5 irora 
that recently j>ropo>ed by Brewer et aL f20) for the arnino- 
tcrminal 34 residue.^! of IIPTII. They report re.sidue 22 to be 
;;lutaniinH. n-*idnr'2'^ t*"* Im- !>siiii\ ;ukI r«-*idnc30 to he levu'inc. 
If con-f-ct. all these ••li:in;:nl iv>irlurs woi;id ))« unique U> tlie 
hummi hnrmime. In oonm.i^t. wp ruui re^iihii- 2*2 to hp Khitamic 
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>. Comparison of the amino-terminal sequences of per- 
.\nne, and human parathyroid hormones. The cemral ccn- 
^cquenrt* is Th:it of the h\iman hormone (residues 1 . 7, and 
<\due^ (li::crin{r in the bovine hormone nre stippUO: those 
■; in porcine parathyroid hormone (16 and IS) are haUkcd. 

.Mciue 2> to be leucine, and residue 30 to be aspartic 
ha residues we have identified are identical with those 
.n-espoudin? jxjijitioiis in both the porcine and bovine 



;;oth zrouiv-j l^ave isolated the hormone from essen* 
ilii .;nbr ^*.»iirre>, i.e., human adenoma tissue pooled from 
n»;- vtiters. the possibility that there are two lifrnnonal 
Un . ••.(:;» (liner a< markedly as those of the two proposed 
M'tv rsis highly unlikely. 

\-c carefully reexamined our datii from both de^^jada- 
li':: :-h particular emphasis on the positions in question. 
lu -H- desrafl:uiou wai any glutamine observed at cycles 
^<^v\ 'wdiiiiz. to residue 22. Glutamine and asparagine can 
^lui . . I deamidation during def^radatinu. However, in both 
iUvi:...:iuons Tables 1 and 2) glutamine and a.^para^ne resi- 
.due> \vrrc detected at cycles beyond position 22, making it 
"implausible that ti-ie glutamic acid detected at position 22 
"was uii-Iually glutamine. At cycles corre^pondinR to residues 
2S aiic: ;^o, Ifiuciiie und a.spaitic acid were clearly identified 
by tiirir ^;:edf;min-int yields (Tables I and 2). The relative 
nse ii: yield n: ilie^^t; re.fidues above and suksequent fh.ll lo 
back;:rouiul levels ^houT. in Fi"'. 6. 

In -utoinateri Edmau degradation the phenomenon of in- 
creasiii;: overhip, which tends to be cumubitive from cycle 
<o cycle, luv.^ ijeen well documented (17, IS, SOj. Edman and 
.^SK iiave, however, found that use of a double-cleavafie 
P'ORiani can limit this overlap to relatively low levels (17) 
; in extended de:rradations. In our amino-terminal dcg- 
»adatioii. wWhzu tnr-jbycd such a double-cieavase pro^nxm. 
^^'^rl-P ruse from 4.5% at cycle 12 to 14.5% at cycle 2&. 
^nwvr et al. reiiortcd quantitative data only at po>ition 12; 
*lH*ii- cLiti ntirniit the calculation ihni there wa.s a 32% overlap 
*t ilii'. eariy pli:i<e of degradation. The natural incrca&e of this 
*lfe:uiy subNtar.tiul overlap, particulurly iu view of their use 
®f a >iii£ic'-<:le:tv;:;;c pro^'ram, would make assixament of rc* 
^^»'S ie.Tidui^> at. later cycles of the de^jradation, such as the 
nuiauve L>->-" in a .^quence Ly.s"-Lys=^-Ly.s=*, particularly 
*^iardou:>. 

* 1^ a.s prop.-t;d by Jirewer el al (29), residue 2S is lysine, 
^^^*PluT ai;;c.-uou (if ("-IjHrrii would lead to cL-uvaj;e of the 
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Fic. 6. Yields of PTH-leudne at cycles 26-30 and of PTH- 
aspartic acid at cycles 28-32 obtained during automated degra- 
dation of native human parathyroid hormone. A sharp rise above 
background levels is seen at cycle 28 for leucine and at cycle 30 
for aspartic acid. See text 

honnone carbox>'l-terminal to residue 28. Therefore, the 
PTH derivatives of ps«I]MIH and l»»I]DIH corresponding 
to His'' would be released at the fourth cycle of degradation, 
rather than the fifth. Clearly, however, bistidine is released 
only at the first and fifth cycles (Fijr. 4). 

Ultimate resolution of the differences in the proposed 
structures must await further studies. However, a con^^a^son 
of our results and methodif ^ith the published results and 
methods of Brewer et al. (29) leads us to conclude that our 
proposed structure based on a variety of approaches is more 
likely to be correct. 

Tests of the bioloyical and immunological properties of 
s>Tithetic peptides corresponding to our structure and to the 
structiu-e proposed b}' P«rewer et oi. (29) for the amino-terminal 
portion of human pnruthyroid hormone may prove helpful ia 
objectively resolving the discrepancies in the structures 
proposed. The marked differences, which include a change iu 
net charge of three within a sequence of nine residues, might 
affect biological* activity. Even more likely is the possibility 
that such char;;e differences will result ia clear-cut differences 
in immunoreactivity when the synthetic ]3eptides based on 
the two proposed sti-uctures are each compared with native 
human parathyroid honnone in their ability to combine with 
antisera directed against the amino-terminal region (11 ). 

If the structure of Brewer and associates is, as we believe, 
incorrect, tLse of antisera generated agaiust the corresponding 
synthetic peptide for radioimmunoassay studie's could con- 
fuse rather than aid attempts to more accurately measure 
HPTli or to undersitand the comple.^c pattern of metabolism 
of parathyroid hormone (11). A preliminary immunoassay 
.*tudy based on the peptide of Brewer p.i t± (29) and AndreatU 
ci al. (34) has already been published (35). Clearly it is ex- 
tremely important to establish whether our sequence or that 
of Brewer ei al, (20) represents the native H1*TH structure 
before various laboratories embark on extensive immuno- 
logical studies usin? synthetic HPTH peptide. 

An amino-terminal tetratriacontapeptidc based on the struc- 
ture proposed here has been .synthesized by the solid-phase 
method (31). Studies of the potency of tins peptide as mea- 
sured in tntro by activation of renal-cortical adenylate cyclase 
indicjitc that its activity is 1030 unitfi/mg. closely equivalent, 
on a molar basis, to the potency of 350 uiut.=?/mg (16) for 
native human parathyroid hormone in thi.s ai^ay. Assays in 
vivo using the chick h> i)ercalcemia assay (32) indi:cate a po- 
tency of 7000 units/mg, an activity identical to that of the 
bovine peptide 1-34 fno native human parathyroid hormone 
wa> available for assay in this system). 
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The immunolosical activity of the synthetic peptide has 
been examined with several antisera direcfc^J against the 
amincHterminfd region of parathyroid hormone. Tests against 
antiserum 199 (33) and GP-1 (U) indicated that wactmty 
on a molar basis of our synthetic peptide was identical quaiita- 
tivciy and quantitatively to that of the native human hormone. 
No details have been reported on the specific biological or 
immunological activity of the synthetic peptide of Andreatta 
al (34), whose structure was based on the structure re- 
ported by Brewer et c2. (29). Comparisons based on detailed 
biological and immunological tests of the two syntheUc pep- 
tides in various laboratories should be of considerable mterest. 

Our present findings carry several implications for the struc- 
tural and comparative immunochemical studies of human 
parathyroid hormone. The sequence of HPTH we find is 
identic^ with that of either the bovine or porcine hoimone at 
36 of the first 37 residues; the changes found do not affect net 
charge and do not greatly alter physicochemical propeiiies. 
Hence, although some improvements in detection of human 
parathyroid hormone might result from use of antisera di- 
rected against the aminc-terminal sequence of the human 
hormone, the improvements, in our view, mi-ht not be large. 
In fact the success encountered already in numerous labora- 
tories in detection of the human hormone with immunoassays 
based on the bovine molecule is consistent with the overall 
chemical similariiy found in the amino-terminal sequences of 
the three species of parathyroid hormone. 

On the other hand, previous immunochemical and analytical 
evidence (11, 15, 16) indicates that more triarked differences m 
structure between bovine aod human hormones are likely to 
be found in the carboxyl-terminal region. Since a large car- 
box>-l-termina! fraf^ment appears to be the major form of im- 
munoreactive parathyroid hormone in the h\iman circulation 
(IP antisem that recognize the carboxyl end of the human 
hormone are mor. likely to significantly improve immune^ 
assay sensitivity. Further sequence studies on HPTH, fol- 
lowed by synthesis of selected peptides from the carboxyl- 
lerminal two-thirds of the molecule, may well result m anti- 
sera corxsidenbly more sensitive for detection of human 
para-thyroid hormone. 

Collection o: the human parathyroid adenomata used in this 
study was made possible through the cooperation of many mdj- 
viduala and iaitiiuiions in the United States. Canada ana over- 
-cai Special thanks are due the Medical liesearch Counal of 
Grest Britain for help with this project. This invesUgation was 
sup-iorT.ed in part bv Grants AM 1171M and AM 04501 from the 
N^uonai Institute o*f Arthritis. MetaboUc and Digestive DiBCa^es. 
GVS is the George Morris Piereol Teaching and Research. 
Scholar of the American Coliege of Physicians and Special Fdlow 
of inc Xaiional Institute of Arthritis, Metabolism and Digestive 
Diseases. 
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Isolation of Human Parathyroid Hormonet 

Heniy T. Ktuimann • Ptttr M. Btfling. C, Hcjdy. C. V. Sc«rt. Hugh D. NulU 
.0^ AurhBch, John T. Polls, Jr. and J. L. K. O-Riordan 



abstract: a pure preparation of human paraihyroid 
has been isolated using as starting nmicriai 500 g of pooled 
gland tissue removed at surgery. Following imual cxiracuon 
of the accionc^cd parathyroid tissue by means of phenol, a 
mchloroacctic acid precipitate was obuined which contained 
4% hormone by radioimmunoassay. Further punfication of 
the initial CCUCC»H precipitate was achieved by poly- 
acrylamide gel filtration followed by a final step of ion- 
exchange chromatography. Repeat cxtnciions of the onginal 
tissue residue provided an additional yield of ^omone, al- 
though the hormone content of most of these COjCOOM 
preparations was lower. Additional ion-€Khangc chromaio- 
graphic Mcps were needed for final purificauon of hormone 
derived from these repeal tissue cxtracuons. The punficd 
human hormone preparations from the vanous exiracuons 



however, found to he identical chemially and immuno- 
logically- An ovemll yield of 3.2 mg of punfied hormone suit- 
a^or structural studies was obtained, suflkient for sequence 
analysis of the biologicaUy active amino4erminal ponion of 
the molecule. Ihe hiologial activity by vitfo renal adenyly 
cyclase assay is 350 units/rag, considerably lower than thai 
of the hormone from the bovine spcbcs. "n^e ammo acid com- 
position of human parathyroid hormone bears considerable 
resemblance to that of bovine and of porcine hormone. There 
arc, however, a number of compositional differences which 
have not been accounted for in the sequence of the ammo- 
terminal region. This indicates that when siruaural studies of 
the carboxyl-icrminal portion are undertaken, ihcy wiu 
reveal several sequence positions which arc unique to l^c 
human hormone. 



..evidence from several laboratories suggests ihai the state 
of parathyroid hormone in the circulation, especially in certain 
disease Males, may be very complex (Habcncr ct aL 1971; 
Canterbury and Rciss. 1972; Scgrc ct aU 1972; Goldsmith 
et a/., 1973; Silverman and Yalow, 1973). AppUcaiion of the 
radioimmunossay to measurement of parathyroid hormone 
in ihc peripheral circulation has dcmonstraicd the presence of 
multiple fragmcms in addition to the intact hormone. The 
possible coniribuiion of large precursor forms (Cohn a aL, 
1972; Habcncr et al., 1972) 10 the spectrum of immunorcac- 
livc hormone may further complicate this picture. 

Aiicmpts lo clarify the nature of circulaimg human hor- 
mono and lo abccriain the significance of the various hormonal 
fragmcr.is have thus far relied principally on radioimmuno- 
assay systems and structure-function studies based on the 
bovine and porcine hormones. These problems have cmpha- 
sized the need for knowledge of the chemical structure of 
hum;in parnthyroid hormone (HPTH). ' 

The structural analyses previously carried out on the hor- 
mone from bovine (Brewer and Ronan. 1970; NiaH et aL 
1970) and porcine (O'Riordan et at,. 197U) species benefitted 
from the availdhiliiy of gland tissue obtained from slaughier- 
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house sources . The study of huffun p arathyroid hormone 
rAfitaud et aLA910: oWdan et a/, j glbThas been hmitcd 

^bv (hcc xtremaylmall quantuies oi ava jjablrstaninp rrwicn^i: 
para t hyroid uai£,nmr-H "'"T^^ ^^^"^ 
O'Riordan f/'^Tojllt tJ i nlnH ft 5 rg »f ^"rifiprt hnnnnnr 

'siffllaTrit for pi^Timinary immunoloeical and chemical char- 
acicrizaiion. Ii was observed, however, ihai ihrooghout the 
isolation procedure the recoveries of hormone were con- 
siderably lower than those obtained during isolation of bovim; 
or porcine hormone. These problems have stressed the need 
not only for efficient extraction and purification procedures, 
but also for the application of precise and economical methods 
for monitoring recoveries and purity throughout the isolation. 

Recently, accumulation of sufficient quantities of human 
pa rathyroid tissue has permitted the resumption of cfTortsjo 

nnalYsis of thu biotoair nllT n rtf"" ^"lin^.tr^rmin^il r.-rinn has 
l^'rn rcffgnrfl grnr' tnv..tt;gai9rs (Brewer et aL, 

ift Tv NiAll .i/ . 1974V T^ he dcyribcd hero is our procedure 
jgr '-Mrnrlinn nr^ pvirifirarinn oLhonD^gpg f''0 '^ j2P B-SL 

fc.^fly^ gl^Bfi lifT"^ "ci-,.f^ r.«,nr«t-m<>i<lhL.aiLillL di^Llfincd tO 

improve recoveries. In the course of the work, compositional 
analyses of the hormone and an assessment of its biological 
aaiviiy have also been carried out. 

The purified hormone obtained was sufficient for sequence 
determination of the amino-tcrminal 3? residues of the mole- 
cule (Niall et aL. 1974). Since the structural analysis of the en- 
tire carboxyl-tcrminal ponion remains to be donc^hyn^r:^ 
maiion described in this report should be us eful in planning 

'-^^K.■r<^fn^''i nnill^Ttr 



Materials and Methods 

Pardtftymid Tissue, The humnn parathyroid tissue used 
consisted predominantly of adenomas but also included hy- 
perplastic tissue from patients with primary and secondary 
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^P^fiftfi flf * Uwpg fiiimher of m^j^} gm^fg rr^ the 
I ffingancTngdom. Umtod Staiei. tnd several Euroaan 
tfountrics J hc trnue was ffoztn on dtey ice immediately upon 
surgical rtmovml, and stared at -20* or below until used. 

Exrraetian Fwrdure, The procedure followed for exttvc* 
tion of a crude hormone preparation from the pooled gland 
lisue i% outlined in Figure 1 . The tissue wu fo^ homogenized 
in acetone at and filtered. The resdue was defaued by 
hontoaenizatiriA in heiane. followed by fUtntion and washing 
with acetone, alt at -20*. The resulting powder (AP, Figure 1) 
was kept overnight in an evacuated desiccator, and processed 
into a trichloroacetic acid predpitate (GQdCOOH-HPTH) 
after extraction with phenol, by means of a procedure derived 
from ihai desoibed originally by Aurbach (19S9). 

The acetone powder was suspended in I 1. of 90% phenol 
containing 0.5% 2-mercaptoethanol. Tlie suspension .vas 
diluicd out with 5 L of 20% acetic acid in acetone. 13 ml of 4 
u sodium chloride was added and, after sunding for 1.5 hr, 
the suspension was filtered in the presence of Celite. 

The residue was saved and ultimately subjected to repeat 
extractions, as outlined in the Results section and in Figure 1 . 
The filtrate was treated by gr»dual addition of ether and col* 
iection of the resulting predpitaie (AE, Figure 1). The ether 
powder was resuspendcd in gladal acetic add in the presence 
of cysteinc-HO, diluted with water, and oentrifuged. The 
predpitate was saved for reprocessing later while the super- 
natant was made lo 6% (w/v) with sodium chloride. 

The precipitate formed upon addition of the salt was sep- 
arated by centhfugation. resuspcrtded, and a^in treated with 
sc»dium chloride. The combined salt supematanis (AS, Figure 
)) were made to 4% in trichloroacetic acid and the resulting 
suspension was centrifuged. The CdCOOH prenpitate (AT, 
Figure 1) was resuspendcd in acetic acid and the CGaCOOH 
removed by addition of IRA-400 acetate resin (Rohm and 
Haas. Darmstadt. Germany). When the solution had com- 
pletely cleared, it was passed through a 1.5 X 20 cm column 
of IR A-400 and the eluate was lyophilized. 

Measured aliquots were removed at successive stages of the 
cxi ction (A£. AS. AT; Figure I) for radioimmunoassay, 
and . weighed aliquot of the acetone powder starting nrmterial 
(AP, ! .gurc ]) was also retained for assays to assess overall 
rcco^cr>*. 

A 20*m6 aliquot of COiCOOH precipiute from the iniiial 
extraction (AT- 1) was also reuincd for calibration against the 
purified hormone, for use as a future radioimmunoassay 
standard for HPTH. 

Gei Fiit^ation. A 2.5 X 130 cm column of Bio<icl P-100 
(Bio-Rad, Riverside. Calir.) was equilibrated with 0.14 m 
ammonium acetate (pH 4.9) at 4*. The column was prcsai- 
uratcd by application of SCO mg of a CC^OOH precipitate 
of bovine parathyroid hormone (BPTH) containing about 50 
mg of hormone. The BPTH was clulcd with the sanrK buffer 
and then 2 I. (four column volumes) of buffer was allowed to 
pasA ihrough the column before application of any HPTH. 

A flow rate of 20 mt/hr was used in all runs. Optical density 
of cluatc tubes was read at 2S0 and 2S0 rr,^ using the Beckman 
DB-C spectrophotometer (Beckman Instrunnents. FuMcrton. 
Caiif.). Eiuiion of hormone was defined by radioimmuno* 
h^^y, and ihc upprophaie tubes pooled and lyophilizcd 
:aicc. 

lon-cxchange chmmatography was carried out using a 0.9 
10 cm column of ffirboxymcthylccllulosc (CMC) (WKaimar 
CM-52; Rccvc-Angcl, Inc.. Clifton, N. J.). Prior to use for the 
human hormone, the CMC column was presaiurated 
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ncuae 1 : Outline of procedure for eiiraction of parathyroid hor- 
mone from pooled human gland tissue. Code designations for various 
rcestfacts of the pfienol residue and ether powder (described in 
the text) appear along left margin. 



chromatography of 20 mg of partially puhHcd (Scphadca 
grade) bovine parathyroid hornu>nc. After clution of the 
BPTH with high ionic strength buffer, the column was ex- 
haustively reequiltbratcd with the sianing bufTcr. 0.01 m 
ammonium acetate (pH 4.9, conduaivity 0.6 mmho). The 
lyophilized human hormone pod from P-100 chromatog- 
raphy was applied in the same bufTcr, and a linear gradient 
of inaeasing conductivity established at 4^ by nxans of a 
Varigrad ^dient maker (Buchlcr Instruments, Fort Lee, 
N. J.), using 0.2 M ammonium acetate (pH 6.0. conductivity 
12.5 mmhos) as second buffer. The most satisfactory linear 
gradient was achieved hy use of two chambers (each 90 mi) of 
starting buffer and a third chamber (also 90 ml) of second 
buffer. Following completion of the gradient, 1 m ammonium 
acetate (pH 6.5. conductivity 30 mmhos) was allowed to run 
through the column. All conductivity mcastircmcnts were 
taken at 20^ using the Radiometer (Copenhagen) Model 
CDM<2c conductivity meter. 

For CMC chromatography employing buffers in H m urea, 
the buffer constituents were added to the freshly duionizcd 
urea immediately before chromatography, which was carried 
out at room temperature. Column dimensions and buffer 
parameters were otherwise the same as described above. 

RadinimmuPifiQSJsays, Recoveries of hormone at the initial 
stages of extraaion were assessed by use of the immunoradio* 
metric assay as described by Addison cr al. (1971) using 
labeled antibodies extracted from guinea pig IV9, an anli- 
bovinc antiserum (0*Riordan r/ a/., 1972). The reference prcp- 
aniiion was a CCl.^COOH precipitate prepared earlier 
(O'Riordan et al.. 1971b). designated HT-67. Radioiodine 
was purchased from Amersham ttd. (Arrrcrsham. England). 

The hormone preparations AE, AS, and AT (Figure 1 ) were 
dilut';d and added directly to the assay. Aliquots of the acetone 
powder starting material (AP, Figure 1). in amounts of 10-30 
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carried out using previously described techniques (NiaU and 
Polls. 1970). Phcnylthiohydanioins were idcniificd by ihm- 
Uycr chromaioffBphy accompanied by autoradiography 
(Edman and Bcag, 1967; Jacobs et aU 1973) and by gas- 
liquid chromatography (Pisano and Bronarrt, 1969). 

Amino Acid Analyses. Amino acid analysis was earned out 
boih 10 provide compositional information and lo measure 
protein conicnt of the purified preparations for use in stan- 
dardizing the radioimmunoassays and biological assays. AU 
hydrolyscs were performed using 5-7 n HCI coniainmg 
1 :2000 (v/v) mercaptocihanol (Keutmann and Potts, 1969). 
Analyses were carried out using the Beckman Model 121 auto- 
matic amino acid analyzer. Amino adds were normalized 
from mole fractions into moles per mole by best fit based 
upon recovery of ell stable residues. 

Bioassayj. The in tiiro potency of the CMC-puificd human 
hormone was assessed using ihe lai renal<onical adcnyiyl 
cyclase assay system as described by Marcus and Aurbach 
(1969). ["PJATP and [»H)cAMP were purchased from New 
England Nuclear and Schwarr/Mann. respectively. Medical 
Research Council (MRO preparation 72/286 (National 
Institute for Medical Research. Mill Hill, London. England), 
a highly purified bovine hormone preparation, was used as 
reference standard. 



mg. were extraaed cither with 20% acetic acid in 8 m urea or 
with 90% phenol (2 ml, 18 hr, room temperature for either 
method) prior to immunoassay. 

Recovery studies during the steps of purification subsequent 
to the COaCOOH stage were carried out using a modification 
(Segrc ei a/., 1972) of the standard radioimmunoassay as 
developed for bovine parathyroid hormone by Bcrson er ai 
(1963). Guinea pig 1 antiserum, also an anli-bovinc prep- 
aration (O'Riordan et aL 1969) was used at a dilution of 
1 : 300,000. -pie same CCl:COOH-HPTH standard (HT-67) 
was used as a reference in these assays. ^"I for labeling of 
purified BPTH tracer was obtained from New England 
Nuclear (Wilmington, Mass.). 

Scanning of the column profiles for location of elated 
hormone was performed using a shortened assay procedure. 
Guinea pig I antiserum was used at a dilution of 1 : 50.000, 
enabling incubations to be carried out overnight instead of 
ihc usual 3 days. In these assays 20-mI al'.quois from selected 
tubes were assayed in three successive 50-fold dilutions. 

Edman Desradations, Chemical purity of the hormone fol- 
lowing P-IOO and CMC chromatography was evaluated 
using the phenyl isothiocyanate procedure of Edman (I960). 
Most degradations were carried out by the automated pro- 
cedure (Edman and Bcgg. 1967); aliquots containing 3-5 
nmol of peptide were subjected to several steps of degradation 
in the Beckman Sequencer. Model 201 (Beckman Instruments, 
Pfilo Alio. Calif.) using(**Slphenyl isothiocyanate (Amcrsham- 
Scarlc. Arlington Heights. 111.) to improve sensitivity of de» 
icciion (Jacobs vf aL. 1973), Manual degradations were 



TAELE i: RcsQVcry of Immunoassayablc Hormone from Ex- 
iracuen nmo^f pooled H uman Parathyroid Gland Tissue. 







Hormone 


preparation 


I Dry Weight 


Content 


Acetone po^acr (aP) 


9 6 g 


85 mg 


CCl;COOH prccipiuics 






AT-l 


394 mg 


16.0 mg 


ATO 


160 


2.0 


BT-l 


2:ft 


4.5 


BT-2 


3S 


0-3 


CTO 


124 


1.0 



Results 

preparation of CChCOOH-HFTH. Following drying and 
defaiiing, 96 g of acetone powder was obtained from 520 g of 
pooled tissue. The inhial extraction of this preparation 
yielded 3W mg of COiCOOH precipitate (AT-l. Table 1) 
comaining 16 mg of hormone by radioimmunoassay. 

Immunoassay of the acetone powder il&elf after small-scale 
extraction by either urea-acetic acid or phenol showed, how- 
ever, an immunoreaciive hormone content of 80-90 mg (AP» 
Table I). 

Tl^creforc, was felt thai additional quantities of hormone 
might be obtained by a scries of reextractions of the residues 
from the initial extraction procedure. The tissue residue from 
the original phenol step was thus extracted and processed a 
second and third time (Figure I), yielding an addinonal 5.5 
mg of immunorcactivc hormone (BT-l, CT-l; Table I). In 
addition to these reexu'aetions of the phenol residue, the 
ether-powder residues from the first two extractions (AE. BE; 
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nr.u&e 3: Elution proAk obuincd by Diuage of 273 mg of CGr 
CCX3H-HPTH f AT-I) through a J40 X Z5 cm column of 8io-Gd 
P-IOO using 0.r4 M ammonium flceute bu/Tcr (pH 4.9>. Frecu'on 
size was 2.2 ml, ftxraihyroid hormone, detected by radioimmuno- 
as»y. elutcd between tubes i (Sand UO. 

Figure 1) were also carried through repeal salt ireatmenc and 
CCI,CO0H precipitations. This resulted in a funher, though 
modest, enhancement of recovery (AT-2, BT-2: Tabic I). 
Overall. 24 mgof immunoassayable parathyroid hormone was 
recovered at the CCdCOOH stage; hormone content of the 
CCUCOOH precipitates ranged from 4 (AT-i) to 1.5% (BT-2). 

The slope of the displacement curves for the various prep- 
arations at the successive steps of extraaion were identical 
wi(h one another (Figure 2a) and with the HPTH standard 
(HT-67) prepared from the earlier extracts of O'Riordan 
et cL (1971b) (Figure 2b). Nevertheless, the CCUQOQH 
preparations from the various extracts were kept separate as 
far as was practical through the subsequent stages of purifi- 
cation. 

Co/umn Purificatiofi^ A scries of column purifications was 
performed using successive steps of gel filtration and ion- 
cxchsngc chromatography. For simplicity the main purification 
procedure (CCl,COOH preparation AT-I) is described in 
detail, and this is followed by consideration of the pertinent 
features of the purification of the CCl,COOH preparations 
derived from the various rcextraaions. 

P'jhficatiim of HPTH from CCUCOOH Preparatifm AT-I. 
Figure 3 shows the ciuiion profile obtained from P-IOO gel 
fiUraiion of 273 mg of CCiCOOH preparation AT-K The 
peak of immunological activity corresponded to a of 0.3. 
an cluiion oosition similar to that observed for bovine para- 
thyroid hormone using ihc same type of column, and some- 
what caHicr than ihai for BPTH using Scphadex G-inn (Kcut- 
mann r/ qL, 1971). An aliquot of the pooled peptide from this 
region (tubes 113-142) was analyzed by autonutcd Edman 
degradation. Two predominant amino adds were found at 
each cycle, in essentially equivalent yields (Figure 4A): step I. 
.Scr. Val: sicp 2, Vat. Leu; step 3, Ser, His; step 4, Glu, Pro; 
SIC? 5, lie, Ala. 

The pooled P- 100 preparation was subjected to ion-exchange 
chrcmaiograDhy on carboxymothylcellulosc: the elution 
profile is shown in Figure S. All of the immunoreaciive hor- 
mone elutcd in a single peak at a conductivity of 7-9 mmhos, 
a poiiiion comparable to that observed for chromatography 
of fiPTH in the same system. Aliquots were taken from 
across the peak (tubes 12i, 128, and 130; Figure 3). as well as 
from selected icbcs adjacent lo the peak, for automated 
Edman depradaiion. The peptide from ali tubes within the 
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nouBE 4: Cas^iqiud chromatopaphy of phenylthiohydanioins 
from seiecicd sten of automaied Edman degradation of human 
parathyroid hormaoe at sucecttive sUges of column purificaiion. 
Vahne and isokuctnc was derived from the HPTH; the let^inc 
and alanine rcprocnted a nonhormonal conumtnant present in the 
P>fOO prepantioo (A) which was climinaicd by CMC chrom- 
atography (BX The idenEificaiiofls wm carried out using a DO560 
isotoudne was confirmed by repeat injection onto 
an AN.600coIumn. 

peak retained the sequence Scr-Val.Ser<;iu-Ilc-. while a 
pepude with the sequence Val-Leu-His-Pro-Ala- was found 
in the eluate fractions following the peak of immunorcactive 
hormone. This peptide, devoid of immunorcactiviiy, was 
fell to represent a nonhormonal contaminant which was 
responsible for the double sequence seen in Edman degrada- 
tion of the earlier P-100 pool. 

Tl>c hormone fractions were pooled and iyophilizcd. Purity 
of the peptide (CMC-HPTH) in this pool was found to be 
95% based on mulu'ple steps of Edman degradation (Figure 
4B). Identical profiles and results were obtained from P-IOO 
and CMC purification of a second lot f 107 mg) of CCiiCOOH 
preparauon AT-1. 

PurificQiion of HPTH from keextraa CCUCOOH Prerip- 
iates. A third and founh Bio-CcI P-IOO column run was 
carried out with the reeatract CCCCXDH precipitates, and 
the elution profiles were closely similar to those described for 
the preparation AT.I, However, the purity of the hormone in 
the respenivc pooled elualcs. again assessed by automated 
Edman degradauon. was found to b^* lower. In the third 
P-IOO pool, derived principally from preparations BT-I and 
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or HPTH (Figure 3) on a |0 X 0.9 cm column of carboaymcihyl- 
cellulose using an ammonium accute bu/Tcr gradient a& dewrifaeJ 
Ij/andl "^''" Hormone eluted between lubes 
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tadu II : In yurv Renal Adcnylyl Cyclase Aciiviiy of Purified 
Parathyroid Hormone from Various Species. 

Hornionc Act. (MRC Unils/mg)" 

Bo^incl 3000 (250CM000) 
Porcine 1000(850-1250) 
Human 350(275-425) 

Activity expressed as mean potency with 95% confidence 

limits. 



BTO, HPTH rcproscmcd about 25% of the toul peptide 
while in the founh pool, comprised principally of preparation 
<rr-l. (he per cent HPTH was even lower. 

CMC chromatocxaphy on a pilot scale of material from one 
of these rccxiract pools showed that, while the pattern of 
ctutcd immunorcactivity remained the same as that for 
extract AT- 1 (Figure 5), the purity of pooled hormone was. as 
with the pools from gel hliration, significantly lower. In 
particular, the principal non-hormonal peptide (Vat-Lcu-His* 
Pro-Ala-) was found to overlap the later fractions of the 
immunoreactive hormone peak. 

Therefore, the further purification of the rcextract POOO 
preparations ^as modified to include a step of CMC chroma- 
tography in ^ M urea. Several additional peaks of optical 
density were found across the profile, but the immunoreactive 
hormone at;.iin eluied in a single peak, at a conductivity of 
4-.S mnihos. The eluate pool from this region was diluted with 
distilled water (to lower the ionic strength) and reapplied to 
CMC in order to remove the urea. When a stradieni wjs dc-. 
ve loped using urea -free buffer, the hormone c luted in a profile 
again resembling that shown in Figure 5. The hermone \n thi«; 
nroduct wns 85-90?^ pur e by ond-croun analvM!; A I'mnl 
passage through CMC, u^ing the same urga^fpt't^ hufTi»r ^v^- 



tem. increased the pufity to a leve< comparable to that of the 
CMC-HPTH from the original AT»1 tjrL'oafatioR. 

Recovery Estimates. In ihc purification of the initial CCli- 
COOH preparation AT-I. recovery of immunoassayable 
hormone was found to be similar ai each siep : 62 % from Bio- 
Gel P-100 and 56% from CMC Recoveries from P-lon gel 
nitration of the two recxtraci CCUCOOH preparations were 
somewhat lower: 41 and 45%. respectively. Per cent recovery 
of these preparations from CMC chromatography was doseiy 
similar to the AT-I material. It was found that use of urea- 
CMC chromatography was not accompanied hy any iignili- 
cnnt cahanccmcm in recovery. The total yield of highly 
purified CMC HPTH. suitable for siruciura! studios, from 
pur I. Scat ion of ail the CCl.-tCOOH preparations was 5.2 mg as 
calculated from the amino aeid analyses. 

RitiioMiCiil Assays, Three preparation.*; of CMC-HPTH. 
Muaniiiated by amino acid analysis, were tesiefl in the renal- 
contw-;;! adenylyl cyclase system. The assays were found to be 
siansuw^ilty homogeneous wiih :i nnean potency of 350 MRC 
unit;; mp. The relative potencies of human, bovine, and por- 
cine oaraihyrcid hormone in this assay system are compared 
ir. T;;oio II. 

Anunn -Utd CttntprKsi/ttiti. The compositicnaf analysis of 
CMC HI'TH. Kised on uuplitraic hyctfOly:*is Tor 24 and 72 hr. 
i> outlined in Tabic III. The compositions of BPTH (Keui- 
mannrfrt/.. 1971). ind PPTH (Woodhcad riA. IVTDareaiso 
shown for comparison. Results of adctttionnl :J-hr hydrolysi-* 
of CMC- HPTH. earried out with oiher preparations for 
calibrr.iion of peptide weight, indicated that :iU the CMC 
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products (whether dc^l^ from AT-1 or from the various rc- 
extracts) had the same amino add compositions. 

Discussion 

Availability of parathyroid tisue starting material has been 
the limiting factor in efforts to purify human parathyroid 
hormone. It was also evident from the earlier experience of 
O'Riordan tf ai. (1971b) that additional problems could also 
be anticipated in successfully carrying out the puritication of 
sufficient hormone for struaural analysis. In particular, it 
uras found that (a) yields of hormone from column chroma- 
tography, particularly Scphadex gel filtration, were low and 
(b) purity, by mdioimmunoossay, of HPTH after CG»COOH 
precipitation and gel tiltratton was comidcrabiy lower than 
that found.at the ccnxesponding stages for bovine hormone. 

Accordingly, in the current work modifications were mudc 
in the later stages of the punTicaiion procedure in an effort to 
ofTset these problems. Ccl filtration was carried out on poly- 
acrylamidc instead of polydcRtran, since in our experience 
recoveries from the polyacrylamide are somewhat better, 
perhaps owing to less adsorption of peptide to the column 
packing. All columns were presaiuratcd with bovine para> 
thyroid hormone prior to use for the human hormone. 

By use of these combined maneuvers, it would appear that 
considerable improvement in yield, especially at the gel 
tiltraiion step, was obtained, although recoveries were still 
lower than those found in the course of puritication of larger 
amounts of bovine hormone (Keulmann cf r//.. !97l). Purity 
of the hormone after ge! flltralion« a.< assessed by end-group 
analysis, was also greater than the estimate of 10% based on 
radioimmunoassay, reported previously (0*Riorctan rf £//.. 
1971b). 

Use of the manual Edman cnd>group procedure (Edman. 
I960) in monitoring? chemical purity of hormone at successive 
isolation su-ps proved to be of great value in our euriier work 
on a larger scale with BPTH (Kcuimann i'/ aL, 1971). In the 
current work, with more limited amounts of material, the 
automated degradation was effect ively employed as a rapids 
cHicient means of screening aliquots acros pcakit as well as 
pooled peptide. Only 3 -5 nmol of peptide wjk required for a 
degradation of several steps, permitting an aecunite compu- 
tation of the content of hormone r.v, eoniaminating peptides. 
Direct chemical evidence of peptide purity w,is thereby olv 
tained, eliminating the need to consume material through 
other types of purity :isjiesjimeni such as eleeirophoretic or 
chrom;itographic procedures. The Edninn degmdaiion also 
u-as useful in providing nxxurantv that the use of BI*TH for 
presaturaiion of columns to minimise lovses was :i safe pro- 
cedure, since in initial piloi-.walc column rims the purilied 
HPTH fractions were found to he free from alanine, the 
amino-ierminal residue of BI*TH. 

The automated Edman degradations showed thai a principal 
eontaminnnt. devoid of immunoassayabte parathyroid hor- 
mone aeiivity. had been eliminated hy the linal step of purifi- 
cation (Figure 4). This contaminant appeared diircreni hy 
amino-terminat scciuence from the two contaminating peptides 
which were encountered in the purification of BPTH (Keul- 
mann <•/ at., 1971). Complete pttrilic:ition of Ihc bovine hor- 
mone w-as aecomniiNhed hy u>c or CMC ehromaiography 
with hulfers containing urea. With the principal P-KX) prep- 
arations of the human hormone. CMC chroma lo^n^phy in 
the al^sence of urea was sutlteient to yield a pure product. 
This may be in part a reflection of the dilferenees in coma mi- 
nuting peptides. Moreover, evidenee for isohormon;il forms. 
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TABU ui : Amino Add imposition of Human Paraihyroid Hormone. 



Residues Token* 



Residues Found (Moi Fraction) 



Amino Acid 

Aspartic add 
Threonine* 
Serine* 
Glutamic add 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isolcudnc 
Leucine 
Tyrosine 
Phenylalanine 
Lysine 
Histtdinc 
Argininc 



24 hr 

0.119 
0.017 
0.074 
0.118 
0.027 
0.056 
0.090 
0.093 
0.022 
0.012 
0.119 
0.002 
0.021 
0.113 

o.o:»S 

0.059 



72 hr 



Mol/Mol of 
Peptide 



0.123 
0.017 
0.075 
0.113 
0.032 
0.057 
0.092 
0.094 
0.015 

o.on 

0.116 
0.002 
0.020 
0.112 
0.062 
0.059 



9.80 
1.40 
6.10 
9.70 
2 .-^0 
4.65 
7.35 
7.60 
1.80 
0.95 
9.80 
0.15 
1.65 
9.30 
4.75 
4.80 



Mol 
Integer 

10 
I 
6 

10 

2 
5 
7 
8 
2 
1 

10 
0 
2 

9 
5 
5 



BPTHI^ 

^9 
0 
8 
n 

2 
4 
7 
8 
2 
3 
8 
1 
2 
9 
A 
5 



PPTH 

8 
0 
6 
11 
2 
5 
6 
9 
1 
3 

10 
0 
I 

9 

5 
5 



* The limited Quantities of purified peptide available precluded more detailed studies of iimino add composition hasud on loial 
enzymatic hydrolysis and acid hydrolysis for 24. 48. 72, and 96 hr, to determine ihc extern of amidadon of ;!spanic and glutamic 
add and content of try ptophan, and to more closely examine the comem of certain low.yidd residues (such as threonine) found 
to dilfcr in amount from integral values of moles of residuj^pCTTHOte^of peptide. ' Calculated after cxinipolaiion lo /cro hydroly.MS 



time. 




such as those found after urea-CMC chromai 
BPTH (Kcutmann er ai., 1971). was not found in an^ 
cluates of the human hormooe . 

lon-cxchanec chromaiogrophy in the presence of urea was. 
however. :i useful step in procussing P-lOO preparations of 
lower purity, namely, those original ing from the lissue re* 
extractions (Figure J). Keening the CChCOOH preparations 
from the inilial extraction and from the reexiracts separate for 
subsequent purification is therefore clearly wtirrantcd. The 
linal pjrilicJ products from all of the respective extractions 
were. howcvLf. identical hy radioimmunoassay and com- 
position. 

WhiL* the improved yields from the chromat0i3*aphic steps 
were iia-aiifying. nsMrssmcni of yields of hormone from the 
earlier extraction stayes (Table I) showed thai sulvti.iniiai 
c|i an:iiies of immunoass3y;ible hormone found in the original 
acetone powder were not accounted for at the CCi^COOH 
sl.^Cle. Mcnee. the 39J mg of CCKCOOH precipitate (AT-I) 
from the initial extraction contained 16 mg of hormone, com- 
pared With S5 mg m the acetone powder siuning material. 
For this reason, the various reextractions of acetone powder 
residue and ether powder wore carried out. These yielded 
additional amounts of hormone, but the total recovery ui the 
CCKCOOH Mage was still only 30%. 

The basis for this apparent loss remains uncertain. The 
greatest drop in immunoassayable hormone content appeared 
to occur between the acetone powder and ether powder 
stages. Liiilc or no losr. took place at the sah precipitation 
singe, hut appreciable loss again occurred at the CCljCOOH 
siep. Relevant to this is the tindine that rcextraeiion of the 
original phenol residue yielded more hormone than did rc- 
extraction of the ether powder tTubk- 1). 

Conceivahiy. sonic of . the immunorcacii\iiy in the acetone 
powder could represent fragments which are separated out 
along the way. despite the fact that the displacement curves 



for the hormone from the successive $t;iges of extraction 
appeared to be parallel. 

Prior to their independent seguence analy.<ii of the active 
amino-terminal region of the molecule. Brewer ci til. (1972) 
purified the human hormone starling with a similar quantity 
of pooled parathyroid tissue. Their procedure employi*d 
chloroform, instead of acetone, for drying and defaiting of 
the tissue, and urea ■ hydrochloric acid rather than phenol for 
eiiraction (Amaud ci a/.. 1970). Although a detailed descrip- 
tion of their piirilicaiion is as yet unav;iilahle. iheir overall 
recovery appears to have bcvn simitar lo our own. 

Suh.iiituiion of serine for alanine at the amino terminus may 
eontribute to the low aciiviiy (350 MRC uniis/mg) of native 
HPTH. compared to that of the bovine hormone, when 
assessed by the in vitro renal adenylyl i^clase ass;iy. liirlier 
studies had dcinonstmtcd that porcine paraihyroid honnone 
(PPTH). which also contains an amino-terminal serine 
residue, likewise lihows a lower activity relative to HPTH in 
the same a.ssay sy.stem (Woodhcad vt 1**7I ). 

The compojiiiional data obtained in these studies (Table HI) 
point toward signilicani structural features lo be anticipated 
in analysis of the cnrl-^oxyUtcrnunal region of the molecule. 
Certain similarities to porcine parathyroid hormone may he 
discerned, including a simibr distribution of bnsie residues, 
high content of leucine, and alrsenee of tyrosine. However, 
several dilfercnces from both the porcine and bovine mole- 
cules are evident as well. 

Although the structure for the amino-terminal region pro- 
posed by ourselves (Niall ci ut., IW74) dilVers in certain re- 
spects from that reported by t2re\%er r/ <#/. (IV72J. ii is el ear 
from the compo^iiionjt studies that. reg:irdlcss of how these 
diwrrepancies are resolved, several amino acids unique to the 
composition of HPTH should be found in ihe seiiuence of the 
carbo-xyl-terminal portion. For example, threonine and an 
a.spartie aciJ rexidue remain to Ix' located. Also. >ince the single 
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tsoleucmc has already been locgted (position 5). substitutions 
would be expected at the two positions occupied by 
residue in the carboxyl terminus of BPTH and PPTH. Prcs-. 
cncc in the carboxyNterminal region of several sequence 
positions unique to HPTH could account for the low aoss- 
reactiviiy observed with HPTH against 8 number of carboxyl- 
terminal directed anti-bovinc aniiscra (Scgrc ct aL 1972), 

The purification of human parathyroid hormone has not 
only made available peptide for structural analysis, but also 
has provided a standard, calibrated against multiple CMC 
preparations, which should bo very suitable for future im- 
munological studies. The correlations of struaure. biological 
activity and immunorcactivity which should now be possible 
will represent important advances toward defining the signifi- 
cancc.of the various forms of the hormone found in the human 
circulation. 
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Addi din Phco? 

Sub>a|ucni evaluation of ihc xupcrnatani fraction from 
CCI..C(X)H precipitation (AT*I. Figure I) showed thai 
smiill cjuaniiiy of intact hormone (about 10% of that appear- 
ing in the prccipii.iie) remained behind after the precipiiaiion. 
This hormone wax retrieved in good yield for further purifica- 
lion by ihe following procedure. The supernatant was ex. 
irncecd with ether to renrwvc trichloroacetic acid. The content 
of jceitc aciit (lowered by the ether cviraciion) was restored 
to upproxinwtely 20%. The hormone wns then eKtracied into 
Uhuianol. ,md ihe huianol removed by roiary evaporoiion. 
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Expcricniia 39 (1983), Birkhauser Vcrlag, CH-4010 Basei/Swiizerlami 

cells contain a molecule similar to the i-ag's. An aniiserutn 
produced against these extracts agglutinates both axenic 
and nonaxenic cells. Fluorescence in immunolabeled cells 
is principally associated with buccal structures. Labeling of 
surface extracts blotted on nitrocellulose or DBM paper 
reveals 2 main antigens. One of them is present on both 
types of cells, while the other, i-ag like, is only found in 
nonaxenic cells. Neither of the 2 components is delected in 
exponentially growing cells. Results suggest that i-ag of 
ciliates, whose function is at present unknown, could play a 
role in feeding processes. 

Reduction of the number of oligodendrocytes enhances 
their proliferation rate 

L. Bologa, A. Z'graggen and N, Herschkowitz, Department 
of Pediatrics, University of Bern, CH-3010 Bern 

We have previously shown that the proliferation rate of 
oligodendrocytes (O) in culture is age-dependent. We have 
now investigated whether the genetically determined prolif- 
eration rate of O can be influenced by extrinsic factors. In 
neonatal mouse brain cell cultures, O carrying the antigenic 
marker galactocerebroside (GC) were eliminated by coni- 
plement dependent anti-GC antibody mediated cytotoxici- 
ty at day 14 in vitro. 4 days after the withdrawal of the 
cytotoxic medium, 20% of the normal number of GC^O 
reappeared. Their proliferation rate at that time was esti- 
mated by 3H-lhymidine autoradiography combined with 
GC immunostaining. The proliferation rate of O in 18-day- 
old untreated cultures was 13±1.9%. The proliferation rate 
of O in cultures where their number was reduced by 
cytotoxicity was enhanced to 26.6±5.1%. These results 
indicate that reduction of the number of O in culture 
increased the proliferation rate of O. 

Independent lateral mobility of the (Na+, K+)- 
ATPase subunits in the plasma membrane of toad 
leukocytes 

C. Bonnard, E. Farinon, M. Fey, B. Bossier and J. P. Krae- 
henbuhi, Institut de Biochimie, CH-I066 Epalinges, and 
Institut de Pharmacohgie de VVniversite de Lausanne, 
CH-IOII Lausanne 

The surface expression and lateral mobility of the glycopro- 
tein and catalytic subunit of the (Na"", lC*)-ATPase was 
studied on toad leukocytes by immunofluorescence and 
cytofluoromeiry using the biotin-streptavidin bridge techni- 
que. On fixed cells the distribution was homogeneous with 
complete overiapping of the 2 labeling patterns. On viable 
cells labeled at 4*C, patches were observed with little 
overiapping between the 2 subunits. After warming, each of 
the 2 subunits capped in a different area of the cell surface. 
When 1 subunit was capped and the cells fixed, the 
distribution of the other subunit was homogeneous. The 
kinetics of capping and reexpression of subunits at the cell 
surface were analyzed by cytofluoromeiry. Our results 
indicate that the 2 (Na"^, K+)-ATPase subunits are loosely 
linked in the plasma membrane. 

Expression and processing of human 
prepropara thyroid hormone in Escherichia coti 

W, Born, G.N. Hendy, A. Rich, J T. Potts Jr and 
H. M. Kronenberg, Forschungslabor jur Calciumstojfwechsel, 
Orthopadische Universit&tskUnik Balgrist und Departement 
fur Innere Medizin, CH-8008 Zurich, and Endocrine Genet- 
ics Unit, Massachusetts General Hospital, Boston, 
MA 02114, USA 

In order to study processing and secretion of human 
preproparathyroid hormone (hpreproPTH) in E.coH, we 
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have constructed vectors designed to efficiently express the 
previously cloned complementary DNA (cDNA) for hpre- 
proPTH in transformed bacteria using a previously de- 
scribed approach. A lac promoter DNA fragment including 
a ribosomal-binding site was placed ai varying distances in 
front of the coding sequence for a hybrid protein fusing the 
'prepro* coding sequence of hpreproPTH and the enzymati- 
cally active carboxyterminal fragment of ;ff-galactosidase. 
Clones expressing hybrid protein were recognized in indi- 
cator agar plates. Using plasmids from clones efficiently 
expressing the hybrid protein, the entire coding sequence 
for hpreproPTH was reconstructed. Plasmid encoded pro- 
teins were radiolabeled using the maxicell technique. On^, 
ael electrophoresis 2 immunprecipitable peptides have 
been identified. The larger has the size of hpreproPTH, and 
the smaller comigrates with hPTH, suggesting that the 
hpreproPTH is correctly processed. After cell fractionation 
y9-lactamase, but not hPTH, is found soluble in the peri- 
plasmic space. 

The afTinities of myomal and myometrial progestin 
receptors to different steroids 

K.A. Buchi and PJ. Keller, Departement fur Frauenheil- 
kunde, Universitdtsspital, CH-8091 Zurich 

Benign tumors of the smooth muscle are rare in human 
beings except in the uterus. Here they are frequent but 
grow only in presence of active ovaries indicating that 
tumorous and nontumorous cells respond differently to 
identical ovarian stimuli. In the present work we deter- 
mined the affinities of various steroids to the progestin 
receptors present in the 100,000xg supernatant of the 2 
tissues. This was accomplished with a competitive binding 
assay using promegestone as labeled ligand. The 2 recep- 
tors had the same affinities to all steroids as long as they 
had the same conformation as progesterone in either the A 
or D ring. However, if the conformation of both was altered 
as in 17a-hydroxypregnenolone, 20a-hydroxypregnenolone 
and dehydroepiandrosterone then the receptors of the 
tumor exhibited a higher affinity. Thus, subtle differences 
exist between the steroid binding sites of the 2 receptors. 
This could in part be responsible for the different responses 
of the 2 tissues to identical ovarian stimuli. 

Glucocorticoid regulation by mouse mammary tumor 
virus (MMTV) DNA 

E, BuettiandH, Diggelmann, ISREC, CH-1066 Epalinges 

To characterize the regulatory region of viral DNA, we 
have joined a cloned MMTV DNA fragment containing the 
long terminal repeat (LTR) to a DNA fragment containing 
the coding sequence of the herpes simplex thymidine 
kinase gene lacking its own promoter. Introduction of this 
hybrid molecule into mouse Llk" cells by transfection 
yielded tk-positive cell clones. Deletion mutants lacking 
portions of the LTR upstream of the viral promoter were 
constructed and introduced into Ltk cells. Tk clones 
were obtained, and their pattern of transcription will be 
reported. 

Effect of DNA methylation on giobin gene expression 

M. Busslinger and R.A. Flavell, National Institute for Medi- 
cal Research, Mill Hill, London NW7 lAA, England 
Using a novel DNA methylation technique, we set out to 
identify DNA sequences which are responsible for the 
effect of DNA methylation on gene expression. The 
method used allows to in vitro-methylate specific segments 
of cloned eukaryotic DNA, which is then brought back mto 
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Terutoshi Kinrura, Michihiro Takai, Kumiko Yoshizawa, 
and Shumpei Sakakibara 

Peptide Institute, Pratein Research Foundation 
Minoh, Osaka 562. JAPAN 

Received May 23, 1983 



Human parathyroid hormone, hPTH(l-84) , was synthesized by the 
conventional solution procedure applying the maximal -protect ion 
approach. All protecting groups were removed simultaneously by 
the HF method. The product was purified by CM-cellulose column 
chromatography, gel-filtration on Sephadex G-50 and in the final 
stage, by reversed phase HPL C. The structurp, of the final produrt 

was confirmed not o nly bv HPLC analysis hut ^I qh Ky pnp^^^f ^ 

digests on HPT.n The present product showed 
lU/mg on in vitro rat renal adenylate cyclase assay. 

The amino acid sequence of human parathyroid hormone, hPTH,- 
was originally determined by Keutmann et al^(l) in 1978 as a 
single-chain polypeptide with 84 amino acid residues, and the 
total synthesis was successfully done for the first time by our 
research group in 1981 (2). Immediately after our synthesis, the 
structure was revised by Hendy et al. (3) to have Asn instead of 
Asp at position 76 in Keutmann' s structure, based on deduction 
from sequence analysis of cDNA cloned for human preproPTH. This 
conmunication reports the solution synthesis of [Asn^ M -hPTH(l- 
84) and the characterization of the product. 

MATERIALS AND METHODS 

. ^i|$£ials^ DPCC-treated trypsin(EC 3.4.21.4.) was purchased 
rrom Sigma Chemicals Co., and amino peptidase-M(EC 3.4 11 2 ) was 
purchased from Pierce Chemical Co. Boc-amino acids and other 
reagents for peptide synthesis were obtained from Peptide 
institute, Inc., Osaka, Japan. ^ 

^breviations: WSCI, water soluble carbodiimide , l-ethyl-3- (3- 
aimethylaminopropyl)-carbodiimide; HOBT, 1-hydroxybenzotriazole : 
^ac phenacyl ester; DMF, N , N-dimethylf ormamide ; DPCC , diphenyl 
carbamyl chloride. 
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Peptide Synthesis. [Asn^ ^ ] -hPTH .was synthesized by the 
conventional solution procedure as shown in Fig. 1. Condensation 
reaction of each segment was carried out in DMF or N-methylpyr- 
rolidone by the WSCI/HOBT method after removal of the terminal 
Boc- or Pac group. The fully protected product was deprotected 
by the HF method using an HF reaction apparatus. Protein Research 
Foundation Type I. The crude product was purified on a column 
of CM-cellulose , Sephadex G-50 and then by reversed-phase HPLC . 

Reversed-Phase HPLC. HPLC was performed on a Hitachi Liquid 
Chromatograph Model 638 equipped with a column of Nucleosil 
5C,g (150 X 4 mm). All runs were performed at ambient tempera- 
ture at a flow rate of 1.0 ml/min. Other conditions are given 
in each figure legend. 

HPLC Mapping of Tryptic Digests. A solution of Peptide (40 
Mg) in 40 ul of water were treated with a water-solution of DPCC 
treated trypsin(2.5 Mg/5 yl) at Sy^'C; pH of the mixture was 6. 
After 30 min; 12 yl of the whole mixture was applied to the 
reversed-phase HPLC system. 

Biological activity. Biological potency of hPTH was measured 
in vitro assay of the rat-kidney adenylate cyclase activity 

following the procedure developed by Marcus and Aurbach (4) using 

WHO bovine PTH(l-84) as the standard. 



RESULTS AND DISCUSSION 
The principle of the present synthesis is based on the maximum 
protection strategy using stable protective groups at the side 
^.^hains (5) . The whole molecule was assembled with 13 segments 
by the route shown in Fig. 1. Boc-amino acids developed 
for Merrifield's solid phase procedure were used for stepwise 
synthesis of each segment in solution, which was started from the 
C- terminal amino acid Pac ester by the WSCI/HOBT method or by the 
active ester method. Each segment was also coupled by the 
WSCI/HOBT method after removal of the terminal Boc or Pac group; 
the latter group was removed by warming the peptide with Zn 
powder in acetic acid. No particular difficulty was encountered 
in the segment condensation reactions in solution when DMF or 
N-methyl-pyrrolidone was used as the solvent. 

The fully protected^4-peptide thus obtained was treated with 
HF at 0**C for 1 hr in the presence of anisole, methionine, 
dimethylsulf ide and ethanedithiol as scavengers. The crude 
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Bzl Bzl OBzl 

Boc-Ser-Val-Ser-Giu-Ile-Gln-Leu-OPac (1-7) 

Boc-Met-His-Asn-Leu-Gly-OPac (8-12) 

Boc-Lys-His-Leu-Asn-Ser-OPac (13-17) 




OBzl Tos OBzl 
Boc-Met-Glu-Arg-Val-Glu-OPac (18-22 

tos CIZ C12 
Boc-Trp-Leu-Arg-Lys-Lys-Leu-OPac (23-28)- 

OBzl 

Boc-Gln-A^p-Val-His-Asn-Phe-Val-Ala-Leu-Gly-OPac (29-38) 

Boc-Ala-Pro-Leu-Ala-Pro-OPac (39-43)- 

Tos OBzl Bzl Tos 

Boc-Arg-Asp-Ala-Gly-s4r-Gln-Arg-Pro-0Pac (44-51 

Tos 012 CIZ OBzl OBzl 
Boc-Atg-L:^s-L>s-Glu-Aip-Asn-Val-Leu-OPa 

OBzl Bzl OBzl ^12 Bzl 
Boc-Val-Giu-S^r-His-Gtu-Ljs-Sfer-Leu-Gly-OPac (60-68)- 
^ OBzl OBzl 012 

Boc-Glu-Ala-Afep-Lys-Ala-OPac (69-73)- 
OBzl 

Boc-Aip-Val-Asn-Val-Leu-OPac (74-78)- 
Bzl C12 C12 Bzl 



ic (44-51) — I ~ 
c (52-59.)— I 



Bzl C12 C12 Bzl 
Boc-Thr-Lirs-Ala-L:^s-Ser-Gln-OBzl (79-84 




HF/Scavengers 



Crude hPTH(l-84) 

Fig. 1. Coupling route for the synthesis of [Asn" ] -hPTH(l-84) . 

product was fractionated on a CM-cellulose column using ammonium 
acetate solution with linear gradient concentrations from 0.05 M 
at pH 5 to 0.4 M at pH 6. and then by gel-filtration on Sephadex 
G-50 using 1 M acetic acid as the solvent. The main peak of the 
Sephadex chromatogram was developed on a gradient HPLC system 
(Fig. 2); the main peak here was collected from several different 
runs and rechromatographed on an isocratic HPLC system; the 
elation profile is shown in Fig. 3. The homogeneity of each 
vffaction of the broad peak was checked with a similar HPLC system 
"nder analytical conditions; fractions showing a single peak on 
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15 



20 2 5 15" 35 

mtn 

Fig. 2. HPLC profile of crude product obtained after eel-filtra- 
tion on Sephadex G-50. 

Eluant: 0.1 M NaCl(pH 2.4) containing MeCN, which was 
gradiently increased from 27.5% to 40%. 

analytical HPLC were collected and lyophilized to obtain a final 
product. 

Amino acid analysis of an acid hydrolyzate and an Ap-M digest 
revealed that the product contained all component amino acids in 
the expected ratios (Table 1). When the final product was 
treated with a dilute aqueous hydrogen peroxide solution the 
reaction mixture showed four peaks on HPLC including that or the 
intact molecule (Fig. 4). The formatioft of three additional 




10 20mln 



Fig. 3. Separation of final product, h-PTH(l-84), on HPLC 

I. Isocratic HPLC profile of collected materials. 

II. ^Purity check of each fraction in I under analytical 
conditions; fractions C,D,E and F were pooled for 
lyophilization as the purified material. Eluant- 31% 
MeCN in 0.1 M NaCl(pH 2.4). * . 
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Amino Acid 


Expected 


6 N-HCl 

■ i. 


Ap-M 


L»y s 


Q 


9 . 36 


8 


.92 


His 




3 . 60 


3 


.60 


NH 3 


Q 


10. 08 




> Arg 


5 


5.15 






Asp 


5 


3 


.76 


Asp+Asn 


10 


10.00 






Thr 


1 


0.99 






Thr+Gln 


5 


3 


.85 


Ser 


7 


5.7A 




Ser+Asn 


12 


11 


.40 


Glu+Gln 


11 


10.32 


Cit+Clu 


12 




10 


80 


Pro 


3 


2.74 


3 


24 


Gly 


4 


4.00 


4, 


00 


Ala 


7 


7.07 


6. 


86 


Val 


8 


7.76 


7. 


52 


Met 


2 


1.20 


1. 


12 


He 


1 


0.77 


0. 


90 


Leu 


10 


9.90 


9. 


20 


Phe 


1 


1.01 


1, 


04 


Trp 


1 


0.53 


0. 


52 



peaks may be explained by the partial or complete oxidation of 
the Met residues to the sulfoxides since the hPTH molecule 
contains two Met residues at positions 8 and 18. This observa- 
tion proved that the purified material was free of contamination 
from oxidized peptides. 
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HPLC profile of purified synthetic hPTH(l-84) and its 
hydrogen peroxide- treated products. 
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Fig. 5. Separation of Asn- and Asp-hPTH(l-84) on HPLC. 

I. [Asp'M-hPTH II. [Asn^M-hPTH III. Mixture of Asp- 
and Asn-PTH. Eluant: 31% MeCN in O.I M NaCl (pH 2.0). 

Our HPLC system showed enough resolution power for analyzing 
analogs of hPTH(23-84) containing Asp or Asn at position 76. 
However, the system failed to separate [Asn'^J- and [Asp^^]- 
hPTH(l-84) molecules into two peaks when they were injected onto 
the column as a mixture (see Fig. 5). Thus, the homogeneity had 
tb be checked by other means. HPLC mapping of the trypsin digest 
was compared with those of some other synthetic peptides as 
references (Fig. 6). All peaks in the chromatograms were 
assigned as shown in the figure. In the chromatogram of the 
present product, all the expected fragments were observed and no 
unwanted peaks appeared. The present product might have been 
contaminated by D-Glu^ ^ -containing peptide since the last coupl- 
ing reaction was performed between segments (1-22) and (23-84), 
but no D-Glu^^ -containing fragment (21-25) was detected by tryptic 
mapping within the range of resolution. Thus. We concluded 
that our present product was reasonably homogeneous , The 
product showed 350(249-480) lU/mg in the rat-kidney adenylate 
cyclase assay. The specific optical rotation value was observed 
to be: -89.2° (c 0.2, 1% AcOH) . 
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I. Asn-hPTH(l-84) !i°^hl?Sa°^M'' synthetic peptides. 
Arrow indicates the posiS^Jf^f J ciJh A3n-hPTH(39-84) 
fragment (2 1-25) Eluan^ Vn u"" ] -containing 
containi^lg- 5o'4l NafsSf anJ^M^^N^'^ehlcf " """^^^PH 2.6) 
gradiently fron. 2% I to% '^"'^'^^ 
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EXAMINER'S ANSWER 



This is in response to appellant's brief on appeal filed 5/26/99. 

(1) Real Party in Interest 

A statement identifying the real party in interest is contained in the brief. 

(2) Related Appeals and Interferences 

A statement identifying the related appeals and interferences which will directly affect or be 
directly affected by or have a bearing on the decision in the pending appeal (none) is contained in the 
brief 



1 



Serial Number: 08/340,664 

Art Unit: 1646 

(3) Status of Claims 

The statement of the status of the claims contained in the brief iS correct. 

(4) Status of Amendments After Final 

5 The appellant's statement of the status of amendments after final rejection contained in the 

brief is incorrect. 

The amendment after final rejection filed on 5/3 1/99 has not been entered. That amendment 
was filed concurrently with the Appeal Brief, and raises new issues because of the recitation of 
'recombinant' in the independent claim. 

10 

(5) Summary of Invention 

The summary of invention contained in the brief is deficient because the information at page 4 
of the Appeal Brief is not drawn to the disclosure, but to the comparison of recombinant^ produced 
hPTH to synthetic hPTH as presented in declarations filed during prosecution. The sunmiary of the 
1 5 invention as it appears at page 3 is correct. 

(6) Issues 

The appellant's statement of the issues in the brief is correct. 

20 (7) Grouping of Claims 

Appellant's brief includes a statement that claims 31-35 do not stand or fall together and 
provides reasons as set forth in 37 37 C.F.R. § 1.192(c)(7) and (c)(8). 
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Serial Number: 08/340,664 
Art Unit: 1646 



(8) Claims Appealed 

The copy of the appealed claims contained in Appendix 2 to the brief is correct. 

(9) Prior Art of Record 

5 The following is a listing of the prior art of record relied upon in the rejection of claims under 

appeal. 

3,886,132 Brewer 5/27/95 \ \ 

E. Breyel et al., "Synthesis of Mature Human Parathyroid Hormone in Escherichia 
coli" . Third European Congress on Biotechnology, Vol. Ill, 1984, p. 363-369. 

W.L. Sung et al., "Hybrid gene synthesis: its application to the assembly of DNA 
sequences encoding the human parathyroid hormones and analogues", Biochem Cell 
Biol. 63:133-138, 1986. 

1 5 K. Kaisha et al., GB 2 092 596 A, "Process for the production of human parathyroid 

hormone", 8/18/82. 



10 



20 



H. Mayer, EP 0 139 076, 5/2/85. 

(10) New Prior Art 

No new prior art has been applied in this examiner's answer. 



(11) Grounds of Rejection 
25 The following ground(s) of rejection are applicable to the appealed claims: 

The following is a quotation of the second paragraph of 35 U.S. C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 
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Serial Number: 08/340,664 

Art Unit: 1646 ^ 

Claims 33-35 are rejected under 35 U.S.C. 112, second paragraph, as being incomplete for 
omitting essential elements, such omission amounting to a gap between the elements. See MPEP 
§2172.01, The omitted elements are: The specification discloses the invention to involve the 
5 expression of full-length hPTH(l-84) in yeast or coli by expressing a secretory peptide, e.g. hPTH 
fused to either the Staph. A signal sequence or the yeast Mat alpha signal sequence, such that the 
protein is secreted and processed by the host cell. The claims as they are currently vmtten contain 
no reference to the secretory leader sequence, and recite only expression of hPTH(l-84), which is 
not described by the specification as originally filed. The omission of the sequence encoding the 
10 secretory leader amounts to a gap between the elements of the DNA to be expressed in the method 
recited in the claim, which is a product by process type claim. 

The following is a quotation of the appropriate paragraphs of 35 U.S. C. § 102 that form the 
1 5 basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless — 

(b) the invention was patented or described in a printed publication in this or a foreign country 
or in public use or on sale in this country, more than one year prior to the date of application 
for patent in the United States. 

20 The following is a quotation of 35 U.S.C. § 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
25 obvious at the time the invention was made to a person having ordinary skill in the art to 

which said subject matter pertains. Patentability shall not be negatived by the manner in 
which the invention was made. 
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Art Unit: 1646 

Subject matter developed by another person, which qualifies as prior art only under 
subsection (f) or (g) of section 102 of this title, shall not preclude patentability under this 
section where the subject matter and the claimed invention were, at the time the invention was 
made, owned by the same person or subject to an obligation of assignment to the same 
5 person. 

This application currently names joint inventors. In considering patentability of the claims 
under 35 U.S.C. § 103, the examiner presumes that the subject matter of the various claims was 
commonly owned at the time any inventions covered therein were made absent any evidence to the 
contrary. Applicant is advised of the obligation under 37 C.F.R. § 1 .56 to point out the inventor and 
10 invention dates of each claim that was not commonly owned at the time a later invention was made 
in order for the examiner to consider the applicability of potential 35 U.S.C. § 102(f)^or (g) prior art 
under 35 U.S.C. § 103. 

Claims 31 and 32 are rejected under 35 U.S.C. § 102(b) as anticipated by or, in the 
alternative, under 35 U.S.C. § 103 as obvious over Brewer et al, U.S. Patent Number . 

15 Brewer et al. disclose highly purified human PTH, See abstract, and col. 2 Hnes 49-60 

wherein it is disclosed that the preparation was pure enough to sequence 34 amino acid residues 
starting at the amino terminus of the protein. Thus, the protein as purified by Brewer et al. appears 
to be consistent with the limitations of the instant claims with respect to being "substantially 
homogeneous" hPTH. It cannot be determined by the Examiner whether Brewer's protein 

20 specifically meets the limitations of being 95% pure, although it would seem likely that it did, given 
Brewer's ability to sequence 34 residues. It is noted that the only portion of the specification which 
relates to purity is the disclosure that the protein was partially sequenced (page 7, starting at line 27), 
which the ordinary artisan would recognize as requiring a relatively pure preparation of the desired 
protein (although no exact percentage purity can be implied). Based upon the fact that the 

25 specification discloses obtaining the sequence of 19 and 45 amino acids respectively, from the yeast 
and E. coli-produced protein. Brewer's ability to obtain 34 amino acids would seem to indicate that 
comparable purity was achieved. In the event Brewer's protein was less than 95% pure, it would 
have been obvious to further purify Brewer's protein using routine protein purification methodology, 
and one of ordinary skill in the art would have been motivated to do so in view of the known 
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pharmacological uses of the protein, and the art-recognized advantages of using the purest protein 
preparation possible for pharmaceutical use. 

Claims 31-34 are rejected under 35 U.S.C. § 103 as being unpatentable over Breyel et al. (3rd 
5 Eur. Cong. Biotech., cited by appellants) or Sung et al. (Biochem Cell Biol. 64:133, cited by 
appellants) or Mayer et al. (EP 0 139 076, cited by appellants), any reference of the three in view of 
Kaisha et al (GB 2 092 596, cited by appellants). 

Breyel et al. teach expression of mature hPTH in E, coli, see Summary, page 363. The 
protein was expressed and bacterial cell extracts assayed for activity, see page 366 for example. 
10 Breyel differs from the instant claims only in that the protein was not purified from the bacterial cell 
extracts. 

Sung et al. teach the construction of vectors for the direct expression of hPTH in bacterial, 

specifically coli, cells; see for example page 136, second column. At page 138, Sung et al. state 

"Study is now conducted in the expression of these gene products." Sung et al. do not actually 

15 disclose expression of the encoded protein or isolation of the expressed protein. 

Mayer et al. teach recombinant production of hPTH in £. coli, see page 9, first fiill 

paragraph for example. The protein was purified from the cells and shown to be biologically active. 

Mayer et al. do not teach purification to the degree recited in the rejected claims. 

Kaisha et al. teach a process for the production of hPTH. Although their patent is not drawn 

20 to recombinant production using bacterial or yeast cells, they disclose at page 2, first column, 

beginning at line 55 that: 

"The hPTH thus obtained can be collected easily by purification and separation 
techniques using conventional procedures such as salting-out, dialysis, fihration, 
centrifiigation, concentration and lyophilisation. If a more highly purified hPTH 
25 preparation is desirable, a preparation of the highest purity can be obtained by the 

above-mentioned techniques in combination with other conventional procedures such 
as adsorption and Resorption with ion exchange, gel filtration, affinity 
chromatography, isoelectric point fractionation and electrophoresis." 
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Thus, Kaisha et al. teach the desirability of making large quantities of hPTH, and that the person of 
ordinary skill in the art, given a preparation containing hPTH, would be able to devise a protocol for 
purifying such with a reasonable expectation of success and without undue experimentation. 

It would have been obvious to the person of ordinary skill in the art at the time the invention 
5 was made to express hPTH from the vector disclosed by Sung et al. or alternatively as taught by 
Breyel et al. and Mayer et al., and then to purify the hPTH so produced as suggested by Kaisha et 
al. to obtain highly purified hPTH. The ordinary artisan would have been motivated to do so in view 
of the art recognized desirability of obtaining hPTH in pure form, as evidenced by all three cited 
references. The teachings of Kaisha et al, indicate that the ordinary artisan would have had at least 
10 a reasonable expectation of success at purifying hPTH once produced as taught and/or suggested by 
Sung or Breyel or Mayer. 

(12) New Ground of Rejection 

15 This examiner's answer does not contain any new ground of rejection, 

(13) Response to argument 

With respect to the rejection under 35 U.S.C. §112, second paragraph, appellants argue at 
20 page 6 of the appeal brief that the use of a particular leader sequence is not the subject of the 
invention, and that the specification teaches that a variety of leader sequences may be used. This 
argument has been fiiUy considered but is not deemed persuasive because it is appellants choice to 
define the product being claimed in a product-by-process format, and the particular manner in which 
the claim has been constructed omits what is disclosed as being an essential element, that is, that the 
25 protein must be expressed as a fijsion protein comprising a leader sequence that directs secretion of 
the protein from the host cell. Both disclosed working examples require such leader sequences, as 
stated in the rejection, and it would appear that it is the use of such leader sequences that 
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distinguishes the claimed protein from that suggested by the prior art, as appellants are traversing the 
rejection under 35 U.S.C. §103 (a) on the basis that the prior art teachings of recombinantly 
producing hPTH in bacterial cells would not have resulted in the production of the currently claimed 
protein, but have failed to include any feature in the pending claims that is not taught by the prior art, 
5 namely the inclusion of the secretory leader sequence. In view of this, the Examiner maintains the 
position that the use of an appropriate secretory leader sequence appears to be essential to the 
claimed invention, and the claims are accordingly found to be incomplete for omitting such an 
essential element. 

10 Appellants arguments of the rejection under 35 U.S.C. § 102(b) or 103 over Brewer is found 

at page 7 of the appeal brief Appellants argue therein that the Maggio declaration, originally 
submitted in 1996 (see paper number 13), states that the Kimura and Kumagaye publications, which 
were subsequent to the Brewer patent, "show that the purification protocols discussed in Brewer et 
al. result in impure materials." This argument has been fiilly considered but is not deemed persuasive. 

1 5 At paragraph 9 of the Maggio declaration, the declarant states that Brewer et al. contains three amino 
acid sequencing errors, at positions 22, 28 and 30 of the protein, and that these errors show that 
Brewer et al. did not teach the production of an intact hPTH peptide. This argument has been fiilly 
considered but is not deemed persuasive because the Examiner disagrees with the factual analysis of 
the reference, and its relationship to the claims in question. First, and foremost, it is noted that the 

20 claims are not limited to any particular sequence, and that in fact, claim 35, read in light of the 
specification, is drawn to an hPTH having other than the native human sequence (see page 15 of the 
specification wherein it is disclosed that a mutation of the 26th amino acid from Lysine to Glutamine 
was necessary to achieve the desired expression of full-length hormone in yeast). Accordingly, the 
interpretation that a particular sequence must have been obtained to meet the limitations of the claims 

25 is not warranted. Second, it has not been established on the record that the difference in sequence 
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between Brewer et al. and appellants is due to sequencing error, as opposed to an actual difference 
in protein sequence. Third, even //, in arguendo, the differences are due to sequencing error, this is 
not proof that the protein was not 'intact'. There may be a variety of reasons that sequencing error 
may occur. The fact that Brewer sequenced beyond the positions of the supposed errors, to 
5 residue 34, would argue against an interpretation that the protein being sequenced was not 'intact'. 
That is, if the errors were due to truncation at the positions of the errors. Brewer et al. would not 
have been able to continue obtaining sequence past those points. Fourth, since appellants argument 
implies that Brewer's protein could not have been of the same purity as appellants have obtained via 
recombinant production, and that conclusion is based upon Brewer's sequencing data, it is noted that 

10 the only portion of the specification which relates to purity of the protein is the disclosure that the 
protein was partially sequenced (page 7, starting at line 27), which the ordinary artisan would 
recognize as requiring a relatively pure preparation of the desired protein (although no exact 
percentage purity can be implied). Based upon the fact that the specification discloses obtaining the 
sequence of 19 and 45 amino acids respectively, from the yeast and E. coH-produced protein, 

15 Brewer's ability to obtain 34 amino acids would seem to indicate that comparable purity was 
achieved. Fifth, appellants argue that the lack of purity of the Brewer hormone "is evidence by Fig. 
3 of Brewer et al.," citing PNAS 69:3585, published in 1972. It is noted that this reference was made 
of record by appellants in the information disclosure statement, paper number 25, and was also cited 
in the prosecution of the Brewer patent. This argument has been fiilly considered but is not deemed 

20 persuasive because the question at hand is not whether the protein of Brewer et al. was absolutely 
homogeneous, nor is it the skill or fastidiousness of Brewer et al. as sequencers (it is noted that minor 
peaks could be caused by a variety of factors, not limited to the contamination of the protein as 
alleged by appellants, such as contamination of the instruments being used for the Edman 
degradation, or alternatively might be due to electronic 'noise' or other instrument failure.). Rather, 

25 the question is whether or not the protein of Brewer et al. meets the limitations of the claims, which 
require that the protein be "substantially homogeneous", with "a purity of greater than 95%." As 
stated above, given that the only measure of purity that we have for the claimed protein seems to be 
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appellants ability to sequence 19 and 45 residues of the protein, and given that Brewer was able to 
sequence 34 residues, it appears that the purity of Brewer's protein was cpmparable to that obtained 
by appellants. It is noted that although appellants would argue that the presence of minor peaks on 
Brewer's mass spec, is evidence of lack of purity, that appellants have furnished no comparative 
5 evidence that such minor peaks are not obtained from the claimed protein. 

At page 8 of the appeal brief, appellants argue that Brewer's intent was not to "identify, 
isolate and characterize an intact hPTH." This argument has been fully considered but is not deemed 
persuasive because Brewer's intent is irrelevant to the question of whether or not Brewer's protein 
anticipates the claimed invention. Appellants fiarther argument (pages 8-9) that a single substitution 

10 can alter the biological properties of the hormone has been fully considered but is not deemed 
persuasive because (a) the claims are not limited to any particular sequence (as discussed above), (b) 
the claims have no limitation as to biological activity of the claimed protein, and (c) it has not been 
established of record that the hormone isolated by Brewer differs in any way from that being claimed. 
Appellants argument at page 9 of the appeal brief (point C), has been fiiUy considered of 

15 record but not deemed persuasive. With respect to this argument, the Examiner, in paper number 
15 at page 7, stated: 

The declaration by Dr. Maggio under 37 C.F.R. §1.132 is not 
persuasive to overcome this rejection. At paragraph 9, Dr. Maggio states 
that because Brewer et al. contains three errors in the amino acid sequence, 

20 that Brewer does not teach production of intact peptide. This argument has 

been fiilly considered but is not deemed persuasive because the protein 
purified by Brewer does indeed appear to have been intact, in the sense of not 
having been degraded or damaged. It cannot be concluded that a possible 
sequencing error indicates that the peptide was not "intact". The fiirther 

25 argument of Brewer, pertaining to the purification of the synthesized 34 amino 

acid species is not relevant to the rejection, as Brewer was cited for the 
purification of naturally occurring hPTH, and not for the synthesis of the 34 
amino acid fragment. Dr. Gautvik's declaration does not directly address this 
rejection. 

30 Applicants argument that Brewer contains three incorrect amino acids 

in the disclosed sequence of the first 34 amino acids of the protein is not 
persuasive, both because the claims contain no limitation as to particular 
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sequence, and because, even if Brewer sequenced the protein incorrectly, the 
protein itself, which was obtained from the natural source, appears to meet the 
limitations of the claims. The additional arguments pertaining to Brewer are 
drawn to the synthetic peptide of Brewer, and do not address the purified 
5 (naturally occurring) protein disclosed by Brewer, upon which this rejection 

is based. 

Appellants go on to argue that "A mistake in the N-terminal region of hPTH could change the activity 

10 of the C-terminal region as it could alter the reading frame or a binding epitope of hPTH." This 
argument has been fully considered but is not deemed persuasive for two reasons. First, as repeatedly 
stated above, there is no limitation in the claims as to either sequence or activity of the claimed 
protein. Second, appellants argument confuses nucleic acid sequencing with protein sequencing. The 
sequence in question was determined directly by analysis of the protein, which was successively 

15 degraded to release a single amino acid at a time from the amino terminus of the protein, and the 
identity of each such amino acid was determined. There is no issue of anything being encoded by the 
amino acid sequence, it is what it is. Appellants argument pertaining to alteration of reading frame 
would only be pertinent if the sequence of amino acids had been deduced by determining the sequence 
of the nucleic acid which encodes the protein. Nucleic acids which encode proteins have three 

20 'reading frames', as amino acids are each encoded by a three base-stretch of nucleic acid, called a 
'codon' or a 'triplet'. Thus, when sequencing nucleic acids, it is indeed possible that a single mistake 
in the beginning of the sequence can result in a 'frame shift', in which the protein encoded by the 
remainder of the molecule would have an entirely different sequence than if the mistake had not been 
made. However, there is no such issue when a protein sequence is directly determined from the 

25 protein itself, and not from the nucleic acid which encodes it. 

Appellants traversal of the rejection of claims 3 1-34 as being obvious under 35 U.S.C. §103 
over Breyel or Sung or Mayer, any of the three in view of Kaisha et al. begins at page 9 of the appeal 
brief 
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At page 10, appellants argue that Breyel et al. do not teach an intact and substantially 
homogeneous preparation of hPTH. This argument has been fiilly considered but is not deemed 
persuasive because it takes the reference in isolation, and not in the combination in which it was cited. 
As set forth in the rejection, Breyel's teaching of the recombinant production of hPTH inE. coli, 
5 taken with Kaisha et al. teaching of the desirability of making large quantities of hPTH, and that the 
person of ordinary skill in the art, given a preparation containing hPTH, would be able to devise a 
protocol for purifying such with a reasonable expectation of success and without undue 
experimentation would have made it obvious to the person of ordinary skill in the art at the time the 
invention was made to express hPTH as taught by Breyel et al. and then to purify the hPTH so 

10 produced as suggested by Kaisha et al. to obtain highly purified hPTH. The ordinary artisan would 
have been motivated to do so in view of the art recognized desirability of obtaining hPTH in pure 
form, as evidenced by all three cited references. The teachings of Kaisha et al. indicate that the 
ordinary artisan would have had at least a reasonable expectation of success at purifying hPTH once 
produced as taught and/or suggested by Sung or Breyel or Mayer. Although Breyel et al. recognized 

1 5 that the protein had a short half-life when made in £. coli, such would not have precluded obtaining 
a homogeneous preparation of the protein, although perhaps not in great quantity. It would have 
been within the skill of the ordinary artisan to have separated the fiilMength (1-84) from the degraded 
forms of the product, to obtain the claimed homogeneous preparation. Appellants have not argued 
this point. 

20 Appellants arguments of the remaining references are similarly directed at the references 

individually, rather than in the combination in which they were cited. In response to appellant's 
arguments against the references individually, one cannot show non-obviousness by attacking 
references individually where the rejections are based on combinations of references. In re Keller, 
642 F.2d 413, 208 USPQ 871 (CCPA 1981); In re Merck & Co., Inc., 800 F,2d 1091, 231 

25 USPQ 375 (Fed. Cir. 1986). Appellants arguments fail to address the rejection as made, which is on 
the basis that the three primary references render obvious the recombinant production of hPTH, and 
that taken in view of the secondary reference, Kaisha, one of ordinary skill in the art would have been 
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both motivated to and capable of isolating a pure preparation of recombinantly produced hPTH(l- 
84). 

With respect to Sung et al., (page 10 of the appeal brief), appellants argue that Sung's 
suggestion that "a study is now conducted in the expression of these gene products" does not suggest 
5 appellants claimed inveniton, citing In re Deuel in support of the position. This argument has been 
fully considered but is not deemed persuasive because Sung's statement is a direct suggestion of 
expressing the protein which, taken with the other references such as Kaisha, provides motivation 
to make the protein in the manner suggested by Sung. This is not, as was the case in Deuel, an 
invitation to conduct future research, but rather a direct suggestion to perform the expression. The 

10 issue in Deuel was substantively different; Deuel was drawn to the obviousness of a DNA sequence 
encoding a protein which had been only partially characterized (an N-terminal sequence was known), 
and for which no corresponding nucleic acid (encoding the protein) had been previously isolated. In 
the instant case, Sung et al. teach the construction of vectors for the direct expression of hPTH in 
bacterial, specifically E. colt, cells. The requisite sequences were both known and disclosed. 

15 Appellants remaining argument of Sung et al. is not persuasive for reasons discussed above with 
respect to Breyel et al. 

With respect to Mayer et al., appellants repeatedly allege that because Mayer et al. do not 
provide the specific results of their experiments, that is, the results of the radioimmunoassay that 
would have been used to confirm production of the protein, that they "do not provide any data to 

20 substantiate the claims of producing recombinant hPTH in coli and mammalian kidney cells." This 
argument has been fixlly considered but is not deemed persuasive because as stated in the rejection, 
Mayer et al. teach recombinant production of hPTH inE, coli, see page 9, first full paragraph for 
example. The protein was purified fi-om the cells and shown to be biologically active. Appellants 
protest that insufficient data were shown is insuflBcient to support an assertion that the recombinant 

25 production reported by Mayer et al. did not occur. Appellants have failed to support the assertion 
by facts or reasoning. As was found above with respect to the Breyel et al. reference, even if the 
recombinant product were not particulariy stable, this would not render it either impossible, or even 

13 



Serial Number: 08/340,664 
Art Unit: 1646 



require undue experimentation to obtain a product consistent .with the rejected claims, in view of the 
state of the art, as evidenced by Kaisha et al. Merely because a protein jnay be degraded does not 
mean that it would require undue experimentation to purify a 'substantially homogeneous' 
preparation of full-length protein. The problem of protein degradation is one that is commonplace 
5 in the art of protein purification (as all cells comprise proteases, and those proteases must be dealt 
with in any protein purification, although particular proteins may be more or less susceptible to such), 
and it is well within the skill of the person of ordinary skill in the art to obtain a homogeneous 
preparation of a fiill-length protein. 

Finally, appellants argue that Kaisha do not teach an "essentially homogerieous" hPTH 

10 protein. This argument has been fiilly considered but is not deemed persuasive because once again, 
appellants are arguing the reference individually, rather than in the combination in which it was cited. 
Kaisha et al. were not cited for teaching an "essentially homogeneous hPTH" (it is noted that the 
claims are to a substantially homogeneous preparation), but rather to establish that it would have 
been well within the skill of the person of ordinary skill in the art to purify the protein produced as 

15 suggested by any of the primary references. Kaisha et al. suggest a number of specific, readily 
available procedures that would reasonably be expected to produce a homogeneous preparation of 
protein, including conventional procedures such as salting-out, dialysis, filtration, centrifugation, 
concentration and lyophilisation and further teach that a preparation of the highest purity can be 
obtained by the above-mentioned techniques in combination with other conventional procedures such 

20 as adsorption and desorption with ion exchange, gel filtration, affinity chromatography, isoelectric 
point fractionation and electrophoresis. Appellants have not presented any reasoning, fact or 
evidence to support the assertion that following Kaisha' s teachings of the desirability of obtaining 
hPTH and suggestions as to how to do so would not, in combination with the various recombinant 
production methods of the three primary references, result in obtaining a protein consistent with the 

25 claims. 

14 
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For the above reasons, it is believed that the rejections should be sustained. 



Respectfully submitted, 

Lorraine M. Spector, Ph.D. 
Primary Examiner 



WmM PATENT EMM 
TECHNOLOGY CENTER 1600 



LMS 

340664.exa /j A /. 

7/27/99 Y(My^ W\ 

YVONNE EYLEr/pH.D 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 1600 



FOLEY & LARDNER 
Suite 500 

3000 K Street, N.W. 
Washington, D C. 20007-5109 



15 



^^^^^ ^^^,lp^g^^?!f^f^ ■ '"mt^^-^ 

^^^ii^^ and Radiochemical Assays of Calciotropic Hormon^ 



Satellite Symposium October 19, 1984 



284 

THE HUMAN CALCITONIN GENE 



R.K. Craig 



Studies on the structure and expression of the human 
calcitonin gene, d«nonstrate that in common with the rat 
calcitonin gene, that differential usage of axons in an 
apparently tissue specific manner results in the 
expression of mRNA species encoding the calcitonin or the 
calcitonin gene related peptide (hCCRP). Our studies 
using sequence specific cDNA hybridisation probes, 
nucleotide sequence analysis and polyt A)-containing RNA 
isolated from medullary thyroid carcinoma tissue and 
small-cell carcinoma cell-lines, point to the involvement 
of two separate post- transcription mechanisms in the 
differential expression of this gene. A post-transcrip- 
tional cleavage event leading ultimately to the 
production of calcitonin mRNA, or a selective use of 
splice acceptor sites leading to the synthesis of CGRP 
mRNA. The availability of cell-lines synthesising 
predominantly calcitonin or CGRP mRNA should permit 
further studies which will provide insight into the 
regulation of these post- transcriptional events. 

Courtauld Institute of Biochemistry, The Middlesex 
Hospital Medical School, Mortimer Street, London Wi P 7PN, 
U.K. 
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CLONING OF HUMAN PARATHYROID HORMONE mRNA AND GENE 

G. N. Hendy. 

Complementary DNA copies of humein pre propara thyroid ~ 
hormone (preproPTH) mRNA were cloned in E.Coll after 
insertion of double-stranded DNA into the Pst I site of 
plasmid pBR322 using the poly (dG), poly (dC) homopolymer 
extension technique (Hendy et al, PNAS, 78, 7365, 1981). 
Recombinant plasmids coding for preproPTH were identified 
by filter hybridisation assay using as a probe 
*'F- labelled bovine preproPTH cDNA. Nucleotide sequence 
analysis of five recombinant plasmids permitted the 
assignment of 7^ nucleotides of the 5* noncoding region, 
the entire coding region of 3^5 nucleotides arid the 
entire 3' noncoding region of 3^8 nucleotides of the mRNA. 
The coding sequence predicted the previously unknown 'pre' 
amino acid sequence and clarified the hormone's amino 
acid sequence. The 5* noncoding region contains an AUG 
codon followed by a UGA stop codon before the authentic 
initiator codon. The 3' noncoding region contains two* 
AAUAAA sequences, potential signals for polyadenylation. 

Recombinant phage containing the gene encoding human 
preproPTH were isolated from a lambda phage gene library 
(Vasicek et al, PNAS, 80, 2127, 1983). The human 
preproPTH gene contains two intervening sequences that 
separate the gene into a 5' noncoding domain, a 'prepro' 
sequence domain, and a domain containing the PTH sequence 
and the 3' noncoding region. The gene is approximately 
^,200 base pairs long. Restriction endonuclease analysis 
of human leukocyte DNA showed that the haploid human 
genome contains one copy of the preproPTH gene. The gene 
has been mapped to the short arm of chromosome 11 using 
human-rodent cell hybrids and Southern filter 
hybridisation of cell hybrid DNA (Naylor et al, Som. Cell. 
Gen. 9, 609, 1983). 
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REGULATION OF CALCITONIN GENE EXPRESSION. M.S. Moukhtar . 

Gene regulation by complex molecules such as RNA, RNA 
polymerase* histones, non histone proteins or hormones are 
being actively investigated. Simple molecules such as 
polysaccharides, lipids or ions have received much less 
attention, in view of their relative lack of specificity 
due to their simple structure. However ions do control the 
secretion of certain hormones and this raises the question 
of whether genetic regulation at the transcriptionnal or 
posttranscriptionnal levels could be involved. 
Calcitonin (CT) the hypocalcemic hypophosphatemic honnone 
is involved in the regulation of calcium metabolism and 
is secreted in vivo in response to a calcium challenge. 
The ionic control of calcitonin gene expression in vivo, 
was studied by measuring CT mRNA extracted from thyroids 
of normal animals subjected to an acute calcium stimula- 
tion in vivo. Total CT mRNA was estimated by hybridization 
to a specific cDNA probe for human CT mRNA which has a 
high homology in nucleic acid sequence with murine CT mRNA, 
Transtionnal activity was also quantified by measuring 
the synthesis of preprocalcitonin in an acellular system. 
As early as 2 minutes after calcium administration both 
circulating levels of the hormone (estimated by a specific 
radioimmunoassay) and translationnal activity of CT mRNA 
are increased. At this short time period the increase in 
translationnal activity was not due to cin increase in 
trzmscription rate but is probably due to an activation 
of inert CT mRNA pools. This increase in CT mRNA activity 
preceeds the fall in tissue stores of the hormone. Increa- 
se in the total quantity CT mRNA occurs at much longer 
time periods i.e. 30 to 60 minutes after calcium challenge. 

In conclusion Ca exerts it's action by a dual mechanism 
a rapid action at the posttranscriptionnal level and a 
delayed one involving the transcriptionnal level. 
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EXPRESSION OF HUMAN PREPROPARATHYROID HORMONE IN E. COLI 
AND YEAST. W. Born, M. Freeman, A. Rapoport, G. Hendy. 
R, Klein, H.G. Khorana, A. Rich, J,T. Potts, Jr. and 
H.M. Kronenberg 

To study the secretion of human parathyroid hormone (hPTH) 
in E. coli and yeast, we have constructed vectors which are 
designed to express efficiently in each of these organisms 
the complementary DNA (cDNA) for human preproPTH (hppPTH), 

DNA sequences encoding a Jac promoter, the prepro sequence 
of hppPTH, and the enzymatical ly active carboxy terminal 
fragment of E. coli 6-galactosidase were fused together on 
an E. coli plasmid. In high producers of 6-galactosidase 
activity, the coding sequence of that enzyme was replaced 
by the coding sequence of hPTH. In various E. coll strains 
we identified three proteins which were immun-precipitable 
with human PTH antiserum and had the appropriate size and 
aminoterminal sequence of hppPTH, and of peptides begin- 
ning at amino acids 3 and 8 of intact hPTH. None of them 
appeared soluble in the periplasmic fraction. In the yeast 
system, we inserted hppPTH-cDNA between the promoter and 
5' non-coding region of yeast pyruvate kinase and a- se- 
quence directing termination of transcription from the 
yeast triose phosphate isomerase gene. This fusion gene 
was then cloned into a plasmid containing a yeast origin 
of replication and a selectable marker. In two indepen- 
dent clones which survived selection we have immune- 
precipitated a protein with the size and aminoterminal 
sequence of hppPTH. It was localized inside the cell. 

In conclusion, our data show that PTH-related peptides en- 
coded by human preproPTH cDNA can be expressed in E. coll 
and yeast but are not secreted. 

Research Laboratory for Calcium Metabolism, Departments 
of Orthopaedic Surgery and Medicine. University of Zurich, 
Forchstrasse 340, 8008 Zurich; Massachusetts General 
Hospital, Boston. U.S.A. 




t ^'.r.; ' -•■ doerine Onit, Massachusetts General Hospital, Boston, 

• 7 MA., and Department of Biology, Massachusetts Institute 
r^r ; of Tiecfanology, Cambridge, MA. 

fi^y " We are- comparing the structures of the gene and the 

^ify. messenger BHA (mRHA) coding for human prep ropara thyroid 

1-^;,; homone (preproPTH). This comparison will allow us to 

; .■ define sequences controlling the initiation and termln- 

atlon of BHA transcription, and will also allow us to 
I-..' ^locate so-called Intervening DHA sequences; that is, 

I' sequences of DMA that interrupt the PTH mRNA and are re- 

moved from an mRNA precursor before mRNA is released 
f j frm the cell nucleus. The himian preproPTH gene was Iso- 

; lated from a lambda phage human gene library. We have 

t - _ 'subcloned portions of the 14,000 base pair human DNA in- 
to the plasmld pBR322 In order to facilitate sequence 
^ auAlysis. We used the agarose gel transfer method of 
Southern to identify fragments of the human DNA contain- 
ing PTH information. Human DNA fragments were separated 
^ by agarose gel electrophoresis and then transferred to 

; nltrocellulosiB paper. PTH-related fragments were recog- 

nlzed by hybridizing the nitrocellulose-bound DNA to 
iv radioactive DNA derived from a clone containing human 

^"^.^ PTH mRHA sequences. The relevant fragments were then re- 

cloned into pBR322. Our analysis so far shows that no 
intervening sequence Interrupts the gene in a 215 pair 
i - . region extending from amino acid 28 of PTH through the 

K: rest of the coding region and including the first 38 nu- 

cleotides of the 3*-noncoding region of the mRNA. Since 
intervening sequences often separate functionally im- 
portant domains, we might have expected an intervening 
. sequence separating the biologically active 1 — 34 regico 
' , from the distal half of PTH. Further restriction endo- 
nuclease and DNA sequence analysis will allow us to com- 
plete the characterization of the gene. 



and L. Sheeler* , University of Rochester, Rochester, 
N.Y. and Cleveland Clinic, Cleveland, Ohio 

Although parathyroid hormone (PTH) is metabolized 
by the liver, it is still unclear whether the hormone 
affects hepatic function. To study this, we investi- 
gated whether serum glycoproteins and sialyl transfer- 
as activity (STA) , markers of hepatic function, were 
altered in hyperparathyroidism (HPT) . Serum from 
normal (n=16) and (HPX) {n^20) subjects were analyzed 
for total precipi table (ppt) and soluble (seroraucoid) 
sialic acid, hexosamine, neutral hexoses, fucose, 
uronic acid, and protein and for specific glycopro- 
teins by radial immunodiffusion. (STA) was measured by 
the incorporation of isotopic sialic acid into desia- 
lated fetuin. Initial studies showed that more pro- 
teins (40%) fran (HPT) sera were retained on Con-A- 
agarose than from normal or Pagetic sera and were 
eluted with methyl -D-manno s ide . Total (ppt) carbohy- 
drate content was increased. The increase was great- 
est for sialic acid and hexosamine (p < 0.01) . (ppt) 
hexoses correlated with increased PTH (r=6.64) and 
al)caline phosphatase (r=0.52). Seromucoid and uronic 
acid were unchanged. Specific glycoproteins were 
either decreased (p < 0.05) (transferrin, a-2-macro- 
globulin) or unchanged (haptoglobin, a- 1 -anti trypsin) . - 
(STA) was similar in (HPT) and normals but correlated 
(p < 0.05) with PTH (r=0.68), (ppt) hexoses (r=0.60), 
and alkaline phosphatase (r=0.60) in the (HPT). We 
concluded (1) that (HPT) was associated with in- 
creased total carbohydrate content of serum proteins 
but not necessarily specific glycoproteins, (2) that 
its disease activity, as noted by changes in PTH and 
aDcaline phosphatase, was reflected by changes in 
(STA) and (ppt) hexoses, and (3) that there was an un- 
explained relationship between hepatic glycoprotein 
metabolism and (HPT) . 
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HOMAH PARATHYROID CARCINOMA CELLS THAT PRODUCE PTH: 
LONG TEHM MAINTENANCE IN TISSUE CULTURE. J. Lemann Jr.. 
R.A. PattUlo*. A.C.F. Ruckert*. S.W. WUson*, R.O. 
Hussa* and R.W. Gray . Departments of Medicine, Gynecol- 
ogy/Obstetrics. Surgery and Biochemistry, Medical Col- 
lege of Wisconsin. Milwaukee, Wl. 

Segments of metastatic parathyroid carcinoma from a 
patient with a serum Ca of 17.2 mg/dl, P 1.6 mg/dl and 
iPTH 160 ulEq/ml (normal 2-10 plEq/ml; Slatopolsky COOH 
and Intact antibody; 1 ylEq/ml « about 40 pg bPTH/ml) 
liere explanted Into tissue culture 4/23/78 using 50Z 
ltey»oath*a 752/1, 30Z Gey*s balanced salt solution and 
101 IsiMn cord serum as medium. Initial epithelial 
cell donaUy was estimated at about 6 X 106 cells/ 
flMk* Call proliferation ms seen within 4 days and 
parslats. However by 11/79, 1 1/2 years after the 
cultures were begun epithelial density decreased to 
about 103 to 10* cells/flask where it has remained. 
The initial culture fluid IPTH of 1.5 X 105 ylEq/ml or 
6 ug bPTH equivalent/ml has declined In parallel to 
the decrease in cells and has ranain^ at about 100 
plEq/ml or 40 ng bPTH/ml, for the past year. Estimat- 
ed PTH production has ra&alned at about 1 pg/cell/day 
or 100 attOBol/cell/day for 2 1/2 years. Gel flit ra- 
tion of early (5/78) and late (3/80) culture fluids 
have sfaow that the peak of IPTH comlgrates with 125i- 
WTH vlthcMt OBAller fragments of IPTH. Biological 
Activity of early culture fluid PTH was tested in the 
fatal rat bone system by Dr. Paula Stem, Northwestern 
Tkiivarslty. Bone resorbing activity was simply addi- 
tive CO that of synthetic bPTH 1-34 and was present at 
' a' concent rat ion of 6 ug bPTH equivalent /ml, similar to 
that observed as IPTH. Attaspts to stimulate cell 
pzoltfaratlon with several growth factors or lowering 
tlia imlliim Ca from 1.2 to 0.8 mM has tlua far failed. 
Vft cdncXude that these human malignant parathyroid 
cells continue to produce intact and biologically 
active hPTH after 2 1/2 years in tissue culture. 



PROLACTIN-STIMULATED PARATHYROID HORMONE SECRETION IS 
NOT MEDIATED BY CYCLIC AMP OR CATECHOLAMINES. 
Maqllola*, M.L. Thomas and L.R. Forte . Dept. of Phar- 
macology, Univ. Missouri and Truman VA Hospital, 
Columbia, Mo. 

Recent reports suggest that bovine parathyroid 
glands contain dopamine (DA), possibly within mast 
cells, and that DA synthesis and release from rat 
brain is stimulated by prolactin (PRL). We previously 
reported that PRL stimulates PTH secretion in dis- 
persed bovine parathyroid cells. The present study was 
undertaken to explore the possibility that PRL- stimu- 
lated PTH release is mediated via. endogenous catechola- 
mines. PTH secretion due to PRL was not blocked by 
either the 3-adrenergic or dopaminergic antagonists, 
propranolol and flupenazine, respectively. PRL did not 
increase cyclic AMP above basal levels in parathyroid 
cells incubated for up to 3 hours with or without 1 
mM MIX. DA- and isoproterenol (ISO)-stimulated cyclic 
AMP were effectively blocked by flupenazine and propran- 
olol, respectively. These data suggest that PRL-stimu- 
lated PTH release is not mediated through the S-adrener- 
gic or dopaminergic receptor systems of parathyroid 
cells and confirms our previous report that the effect 
of PRL is not mediated by cyclic AMP. We also found 
that haloperidol, a DA-antagonlst, markedly stimulated 
PTH release. Haloperidol in combination with maximal 
levels of OA, or PRL produced additive Increases in PTH 
secretion. Also, haloperidol -stimulated PTH secretion 
was not blocked by the antagonists, propranolol, phento- 
lamlne or atropine. Other DA-antagonlsts such as flu- 
penazlne and butaclamol did not stimulate secretion. 
In conclusion, the results of this study suggest that 
PRL and haloperidol may stimulate PTH secretion through 
agonist-like activity via receptors other than the 
S-adrenerglc or dopaminergic receptor types. 
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THE HUMAN CAUTITONIN GENE 



R.K. Craig 



Studies on the structure and expression of the human 
calcitonin gene, demonstrate that in common with the rat 
calcitonin gene, that differential usage of exons in an 
apparently tissue specific manner results in the 
expression of mRNA species encoding the calcitonin or the 
calcitonin gene related peptide (hCGRP). Our studies 
using sequence specific cDNA hybridisation probes, 
nucleotide sequence analysis and poly( A)-containlng RNA 
isolated fro© tnedullary thyroid carcinoma tissue and 
small*cell carcinoma cell-lines, point to the involvement 
of two separate post- transcription mechanisms in the 
differential expression of this gene. A post- transcrip- 
tional cleavage event leading ultimately to the 
production of calcitonin mRNA, or a selective use of 
splice acceptor sites leading to the synthesis of CGRP 
mRNA. The availability of cell-lines synthesising 
predominantly calcitonin or CGRP mRNA should permit 
further studies which will provide Insight into the 
regulation of these post- transcriptional events. 

Courtauld Institute of Biochemistry, The Middlesex 
Hospital Medical School, Mortimer Street, London W1P 7PN, 
U.K. 
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CLONING OF HUMAN PARATHYROID HORMONE mRNA AND GENE 

G. N. Hendy. 

Complementary DNA copies of humein prepropara thyroid 
hormone (preproPTH) mRNA were cloned in E.Coll after 
insertion of double-stranded DNA into the Pst I site of 
plasmid pBR322 using the poly (dG), poly (dC) hooopolyraer 
extension technique (Hendy et al, PNAS, 78, 7365, 1981). 
Recombinant plasmids coding for preproPTH were identified 
by filter hybridisation assay using as a probe 
*'P-labelled bovine preproPTH cDNA. Nucleotide sequence 
analysis of five recombinant plasmids permitted the 
assignment of 7U nucleotides of the 5* noncoding region, 
the entire coding region of 3^5 nucleotides and the 
entire 3' noncoding region of 3^6 nucleotides of the mRNA, 
The coding sequence predicted the previously unknown 'pre* 
amino acid sequence and clarified the hormone's amino 
acid sequence. The 5' noncoding region contains an AUG 
codon followed by a UGA stop codon before the authentic 
initiator codon. The 3' noncoding region contains two 
AAUAAA sequences, potential signals for polyadenylation. 

Recombinant phage containing the gene encoding human 
preproPTH were isolated from a lambda phage gene library 
(Vasicek et al, PNAS, 80, 2127, 1983). The human 
preproPTH gene contains two intervening sequences that 
separate the gene into a 5' noncoding domain, a 'prepro' 
sequence domain, and a domain containing the PTH sequence 
and the 3' noncoding region- The gene is approximately 
if, 200 base pairs long. Restriction endonuclease analysis 
of human leukocyte DNA showed that the haploid human 
genome contains one copy of the preproPTH gene. The gene 
has been mapped to the short arm of chromosome 1 1 using 
human-rodent cell hybrids and Southern filter 
hybridisation of cell hybrid DNA (Naylor et al, Som. Cell. 
Gen. 9, 609, 1983). 
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REGULATION OF CALCITONIN GENE EXPRESSION. M.S. Moukhtar. 



Gene regulation by complex molecules such as RNA, RNA 
'*' .' . polymerase, histones, non histone proteins or hormones are 

being actively investigated. Simple molecules such as 
polysaccharides, lipids or ions have received much less 
attention, in view of their relative lack of specificity 
• ' due to their simple structxire. However ions do control the 

secretion of certain hormones and this raises the question 
of whether genetic regulation at the transcriptionnal or 
posttranscriptionnal levels could be involved, 
t Calcitonin (CT> the hypocalceraic hypophosphatemic hormone 

-! is involved in the regulation of calcium metabolism emd 

: . * . ] is secreted in vivo in response to a calcium challenge. 

■ / The ionic control of calcitonin gene expression in vivo, 

was studied by measuring CT mRNA extracted from thyroids 
of normal animals subjected to an acute calcium stimula- 
tion in vivo. Total CT mRNA was estimated by hybridization 
to a specific cDNA probe for human CT mRNA which has a 
high homology in nucleic acid sequence with murine CT mRNA. 
Trans tionnal activity was also quantified by measuring 
the synthesis of preprocalcitonin in an acellular system. 
As early as 2 minutes after calcium administration both 
circulating levels of the hormone (estimated by a specific 
radioimmunoassay) and transla tionnal activity of CT mRNA 
are increased. At this short time period the increase in 
■ * transla tionnal activity was not due to an increase in 

transcription rate but is probably due to an activatioa 
of inert CT mRNA pools. This increase in CT mRNA activity 
proceeds the fall in tissue stores of the hormone. Increa- 
se in the total quantity CT mRNA occurs at much longer 
time periods i.e. 30 to 60 minutes after calcium challenge. 

In conclusion Ca exerts it's action by a dual mechanism 
a rapid action at the posttranscriptionnal level and a 
delayed one involving the transcriptionnal level. 

Faculty de H^ecine Saint-Antoine, INSERM U 113, 
27 rue Chaiigny, 75012 Paris, FRANCE. 




Expression of human preproparathyroid hormone in e. coli * 

AND YEAST, W. Born, M. Freeman, A. Rapoport. G. Hendy, 

R. Klein, H.G. Khorana, A. Rich, J.T. Potts. Jr. and 

H.M. Kronenberg 

To study the secretion of human parathyroid hormone (hPTH) 
in E. coli and yeast, we have constructed vectors which are 
designed to express efficiently in each of these organisms 
the complementary DNA (cDNA) for human preproPTH, (hppPTH). 

DNA sequences encoding a lac pronrater, the prepro sequence 
of hppPTH, and the enzymatTcally active carboxy terminal 
fragment of E. coli 6-galactosidase were fused together on 
an E. col i plasmid. In high producers of 6-galactosidase 
activity, the coding sequence of that enzyme was replaced 
by the coding sequence of hPTH. In various E. coli strains 
we identified three proteins which were imnun-preci pi table 
with human PTH antiserum and had the appropriate size and 
aminoterminal sequence of hppPTH, and of peptides begin- 
ning at amino acids 3 and 8 of intact hPTH, None of them 
appeared soluble in the perlplasmic fraction. In the yeast 
system, we Inserted hppPTH-cDNA between the promoter and 
5' non-coding region of yeast pyruvate kinase and a se- 
quence directing termination of transcription from the 
yeast triose phosphate isoroerase gene. This fusion gene 
was then cloned Into a plasmid containing a yeast origin 
of replication and a selectable marker. In two indepen- 
dent clones which survived selection we have inmuno- 
precipitated a protein with the size and aminoterminal 
sequence of hppPTH. It was localized inside the cell. 

In conclusion, our data show that PTH-related peptides en- 
coded by human preproPTH cONA can be expressed in E. coll 
and yeast but are not secreted. 

Research Laboratory for Calcium Metabolism, Departments 
of Orthopaedic Surgery and Medicine, University of Zurich, 
Forchstrasse 340, 8008 Zurich; Massachusetts General 
Hospital, Boston, U.S.A. 
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Nucleotide sequence of the human parathyroid hormone gene 

(Z-DNA/ttVX plasmid /intervening sequence/domain evolution) 
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abstract From a A phage gene library we have isolated 
phage containing the gene encoding human, preproparathyroid 
hormone. The phage were isolated by using both the plaque-hy- 
bridization technique and the in t;ico recombination-selection 
technique. The human preproparathyroid hormone gene contains 
two intervening sequences that separate the gene into a 5' non- 
coding domain, a "prepro" sequence domain, and a domain con- 
taining the parathyroid hormone sequence and the 3' noncoding 
region. The gene is approximately 4.200 base pairs long. Restric- 
tion endonuclease analysis of human leukocyte DNA shows that 
the haploid human genome contains one copy of the prepropar- 
athyroid hormone gene. A 14-base-pair sequence of ahernating 
purines and pyrimidines that has the potential of adopting the Z- 
DNA conformation lies 134 base pairs upstream from the pre- 
sumed site of initiation of transcription. 

Parathyroid hormone (PTH) is the principal homeostatic reg- 
ulator of blood calcium, and, in turn, the secretion of PTH is 
closely regulated by the blood le\'el of calcium. While the reg- 
ulation of secretion of PTH has been studied extensively, the 
regulation of the synthesis of PTH has received comparatively 
little attention. We (1) and others (2, 3) have cloned cDNA en- 
coding bovine PTH. More recently, we have cloned cDNA en- 
coding human PTH as well (4). Here we describe the isolation 
and DNA sequence analysis of genomic DNA encoding human 
PTH. The human PTH gene contains two intervening se- 
quences that separate the mRNA sequence into three functional 
domains. DNA blotting experiments show that the haploid hu- 
man genome contains only one PTH gene. 

METHODS 

Screening a A Phage Library, A human gene librar>' in phage 
Charon 4A, deri\'ed from fetal liver, was provided by T. Man- 
iatis (5). The library was first screened by the procedure of Ben- 
ton and Davis (6), using plasmid pPTHmllS (4) containing hu- 
man PTH cDNA as a nick-translated (7) probe. The library w^as 
subsequently screened by the method of Seed (8). Plasmid DNA 
was isolated from Escherichia colt strain W3110r"m"^(p3)('7TVX) 
by an alkaline miniprep procedure (9), the DNA was electro- 
phoresed through a 0,7% agarose gel, and the ttVX plasmid v^as 
isolated from the gel. By using phage T4 DNA ligase, the Bgl 
11/ Xba I fragment from pPTHml22 (4) was inserted into the 
corresponding sites on the ttVX plasmid. The resultant plasmid, 
ttVX-PTH, containing the PTH cDNA linked to the selectable 
marker supF, was introduced into £. coli strain W3110r m"^ (p3). 
One million hbrary phage were then amplified on one plate of 
the resultant strain W3110r-m^(p3)(7rVX-PTH). Then 5 x 10« 
of the resultant phage were growTi on one plate of strain 
W3110r~m"^ Su~, a sfa-ain containing no amber suppressor tRNA 
gene. Growth of Charon 4A phage on E. coli W3110r m^ Su 
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selected for phage that had incorporated the supF gene, en- 
coding an amber suppressor tRNA, from the ttVX-PTH plas- 
mid. All w^ork with organisms containing recombinant DNA was 
performed in a PI physical containment facility according to the 
then current guidelines of the National Institutes of Health. 

Subcloning PTH Gene Fragments. Fragments of DNA gen- 
erated by restriction enzyme digestion of AhPTHl and AhPTH2 
were subcloned in plasmid pBR322, after blot-hybridization 
analysis (10) was used to determine which fragments contained 
portions of the PTH gene. Fragments resulting from cleavage 
with one restriction endonuclease were ligated to DNA from 
plasmid pBR322 that had been cleaved with the same enzyme 
and treated with calf intestinal alkaline phosphatase to prevent 
intramolecular religation. Fragments resulting from cleavage 
with two restriction endonucleases were ligated with the ap- 
propriate fragment of DNA from pBR322, which had also been 
cleaved with those enzymes. DN.\ fragments w^ere isolated from 
agarose gels by using glass powder to bind the DNA (11) and 
were ligated by using T4 DNA ligase. 

DNA Sequence Analysis, All DNA sequences were deter- 
mined by the chemical method of Maxam and Gilbert (12). DNA 
was end-labeled either with polynucleotide kinase or with the 
large fragment of DNA polymerase I. 

Blot-Hybridization of Uncloned Human DNA. DNA was iso- 
lated from blood leukocytes from 50 ml of blood from a normal 
volunteer (13), DNA was digested to completion with 10-fold 
excess enzyme, according to suppliers* protocols. Completion 
of the digestions was assayed by the addition of small amounts of 
an appropriate plasmid to an aliquot of the reaction and electro- 
phoretic analysis of the products of digestion of the aliquot. Then 
10 /tgof digested DNA was electrophoresed through a 1.0% agar- 
ose gel and transferred to nitrocellulose. Hybridization was 
performed according to a dextran sulfate protocol (14), using pu- 
rified PTH cDNA fragments as probes. Nick-translation was 
performed with all four a-^^P-labeled deoxyribonucleoside tri- 
phosphates; the resultant DNA contained 10® cpm//Ltg. The in- 
tensities of autoradiographic bands were measured with a Joyce- 
Loebl microdensitometer. Calculations of the number of copies 
of the PTH gene in the human genome used 3.3 x 10^ base 
pairs (bp) as the size of the haploid human genome (15), 44,000 
bp as the size of AhPTHl, and 43,000 bp as the size of AhPTH2. 

RESULTS 

Isolation of A Phage Containing the Human PTH Gene. 
We first screened a human fetal liver genomic DNA library 
constructed in phage Charon 4A by Lawn et al. (5). We used 
the plaque-hybridization method, with nick-translated plas- 
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mids pPTHmll3 and pPTHml22 (4) as probes. Only one 
plaque, AhPTHl,. was positive. A partial physical map of 
AhPTHl was constructed by performing blot-hybridization 
analysis of AhPTHl DNA cleaved with a variety of restriction 
endonucleases and probed with specific DNA fragments from 
pPTHml22. This analysis demonstrated that AhPTHl con- 
tained the PTH gene's coding region and 3' noncoding region 
but that the 5' noncoding region was missing from the phage. 

We chose to rescreen the A phage librar\' by using the re- 
combination-selection method of Seed (8). We isolated from 
pPTHml22 the 288-bp Bgl U/Xba I fragment, which contains 
the PTH coding sequence and part of the mRNA's 3' noncod- 
ing region. This fragment was inserted into the plasmid ttVX, 
using the Bgl II and Xba I sites in the "polylinker" region of 
that plasmid- Following Seed's protocol, we passed 10® phage 
from the gene library through E. coli strain W3110r"m~(p3) 
that had been transfected with ttVX-PTH. Then 5 x 10® of the 
resultant phage were plated on E. coli WSllOr'ni"^ Su~ cells, 
which do not contain an amber suppressor tRNA gene and 
tiierefore do not allow the production of Charon 4 A phage. Sixt>' 
plaques survived that selection. Six of the 60 plaques were 
screened by restriction enzyme digestion analysis and found to 
be identical. One plaque, AhPTH2, from among these 6 was 
chosen for further analysis. Digestion of AhPTH2 DNA with re- 
striction endonucleases and subsequent blot-hybridization ex- 
periments using fragments of pPTHml22 as probes demon- 
strated that AhPTH2 contained the entire human PTH gene with 
the ttVX-PTH plasmid inserted, as expected, into the region 
between the Bgl II and Xba I sites used in constructing ttW- 
PTH (Fig. 1). 

Examination of the Human PTH Gene in Uncloned DNA. 
In order to veriK' that the two A phage that we had isolated con- 
tained the normal human PTH gene free of artifactual rear- 
rangements introduced during cloning, we compared the sizes 
of DNA fragments generated by restriction endonuclease diges- 
tion of human leukocyte genomic DNA with the sizes of cor- 
responding fragments from AhPTHl and AhPTH2. After agar- 



ose gel electrophoresis and transfer to nitrocellulose, DNA 
fragments were hybridized with probes specific for either the 
5' end or the 3' end of the human PTH gene. We used the 2,150- 
bp HmdIII fragment which includes the first exon and part of 
IVSl from pPTHgl05 (see Fig. 1) as the 5'-specific probe. An 
800-bp Hpa II fragment of pPTHmi22 (4) was used as a 3'-spe- 
cific probe. This fragment contains 100 bp of pBR322 as well as 
547 bp of DNA corresponding to the second exon and part of 
the third exon. It also contains 49 bp at the end of the first exon; 
this short sequence does not form detectable hybrids under the 
conditions of hybridization usedliere. Fig, 2 demonstrates the 
comigration of the resultant radioactive fragments from the A 
phage and leukocyte DNA. Further, because no unexpected 
bands appeared in the lanes containing leukocyte DNA, the re- 
sults suggest that the human PTH gene is represented just once 
in the haploid human genome. To confirm this suggestion, we 
measured the intensities of the PTH-specific bands on the au- 
toradiograms and compared them with the intensities of the bands 
generated from know^n amounts of DNA from AhPTHl and 
AhPTH2. With the 5'-specific PTH probe, this analysis yielded 
1.0 PTH gene per haploid genome; with the 3'-specific PTH 
probe, the result was 0.6 PTH gene per haploid genome. 

DNA Sequence Analysis of the Human PTH Gene. Restric- 
tion endonuclease analysis and gene blotting experiments sug- 
gested that two inter\'ening DNA sequences interrupted the 
PTH gene, one approximately 3,400 bp in length, and the other 
one about 100 bp in length. We determined the entire sequence 
of the gene, excluding the sequence of the internal portion of 
the first interx'ening sequence, and, in addition, determined the 
sequence of several hundred base pairs of DNA flanking the 
PTH gene. Fig. 1 illustrates the restriction enzyme map of frag- 
ments of AhPTHl and AhPTH2 subcloned in pBR322 to facil- 
itate sequence analysis, and also indicates the sequencing strat- 
egy. Fig. 3 illustrates the DNA sequence. 

DISCUSSION 

DNA Sequence Data. Fig. 1 shows that most of the sequence 
depicted in Fig. 3 was determined by analyzing both strands of 
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Fig. 1. Physical map of the human PTH gene. Horizontal lines indicate the length of human DNA inserted into the indicated A phage and 
plasmid subclones. The raised portion of AhPTH2 indicates the ttVX-PTH insert. pPTHglOl and pPTHgl02 were constructed by inserting the in- 
dicated fragment of AhPTHl into ifindlll-cleaved pBR322. They differ only by their orientation in pBR322. pPTHglOS and pPTHglO? were con- 
structed by inserting the indicated fragments of AhPTH2 into BamHI-cleaved and £coRI-cleaved pBR322. Restriction enzyme maps of the human 
portions of pPTHglOl and pPTHglOS are indicated. The human PTH gene is indicated on the line "human genomic DNA" by the thick line; black 
areas are exons, white areas are introns. More detailed and magnified copies of portions of the PTH gene are given below the human genomic DNA 
line. Arrows at the bottom of the figure indicate the DNA sequence analysis strategy. Open circles represent 5' ends of fragments labeled with 
polynucleotide kinase. Closed circles represent 3' ends of fragments labeled with the large fragment of DNA polymerase. Arrows show how far the 
DNA sequence could be reliably read without reference to other data. The broken line at the end of AhPTHl indicates that 9,000 bp have been deleted 
from the figure for ease of presentetion. A, Ava II; B, Bgl II; D, Dde I; E, EcoRl; F, //i/ifl; H. i/mdIII; M. BamHI; P, Hpa I; X, Xba I. 
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plasmid DNA and that the ordering of fragments generated by 
cleavage with restriction endonucleases was confirmed by se- 
quencing across cleavage sites. The sequence of the human PTH 
mRNA predicted bv analysis of the cloned genomic DNA con- 
firms without exception the sequence determined from analysis 
of five cDNA clones (4). We are thus quite confident of the ac- 
curacy of the AUG sequence found in the 5' noncoding region 
of the'mRNA sequence, for example. Further, the genomic DNA 
sequence confirms the sequence of the region encoding human 
preproPTH. This sequence, derived from a presumably normal 
fetal liver, allows us to deduce the human PTH sequence from 
an individual with no parathvroid gland disease. [Both the pre- 
viously determined protein sequences (16) and cDN A sequence 
(4) were derived from parathyroid tumor materials.] As ex- 
pected, we can conclude that patients with hyperparathyroid- 
ism make a structurally normal parathyroid hormone. 

We ha\'e not determined the start point of PTH gene tran- 
scription either by using an in vitro transcription system or by 
analyzing the far 5' terminus of the human PTH mRNA. Con- 
sequently, the assignment of the transcription start site at nu- 
cleotide -3,566 in Fig. 3 is only an approximation based on three 
considerations: (i) The bovine PTH mRNA, whose 5' noncodmg 
region closely resembles the 5' noncoding region of the human 
mRNA, begins at three tightly clustered A residues (corre- 
sponding to nucleotides -3,568, -3,566, and -3,561 of the 
human gene) as determined from reverse transcnption of mRNA 
by Weaver et al (3). (ti) Nucleotide -3,566 is 29 nucleotides 
from the sequence T-A-T-A-T-A, commonly found 27-31 nu- 
cleotides from transcription start sites (17). {Hi) Transcnption 
usually starts with an A (17), thus making nucleotide -3,o68, 
a G residue in the human sequence, a less likely start site. 

Organization of Intervening Sequences in the Human PTH 
Gene. By comparing the sequence of human PTH cDNA (4) and 
the sequence of human PTH genomic DNA, we can deduce the 
location of two interxening DNA sequences interrupting the 



PTH gene. The first is approximately 3,400 bp long and inter- 
rupts the 5' noncoding region of the mRNA five nucleotides be- 
fore the start of the coding region. The second intervening se- 
quence is 103 bp long and comes behveen the second and third 
nucleotide encoding lvsine-29 of the prepro-PTH molecule. Be- 
cause of redundant sequences at the splice junctions the exact 
splice start and stop sites cannot be assigned unambiguously. 
However, if w^e require that the splice donor and acceptor se- 
quences follow the consensus sequence pattern of other donor 
and acceptor sequences (17), then the junctions can be assigned 
without ambiguity. In both introns the sequences of the donor 
and acceptor junction closely follow the consensus sequence 
predicted from previous analyses. i r i 

The first intervening sequence comes close to the end ot the 
5' noncoding region of the mRNA and therefore follows the pat- 
tern noted bv Gilbert (18), that intervening sequences often 
separate mRNAs into functional domains. The exact location ot 
the inter\^ening sequence is intriguing, because it comes pre- 
cisely after the potential AUG codon in the 5' noncoding region 
of the mRNA. After removal of the interx^ening sequence, the 
AUG is then followed bv a UGA termination codon in the mRNA. 
The location of the AUG just before the start of the interx-ening 
sequence raises the possibility that alternative splicing patterns 
might allow the AUG to direct the synthesis of a second protein 
encoded bv another nucleotide sequence. The first intervening 
sequence contains an in-frame termination codon only la co- 
dons after the AUG; therefore, an unspliced RNA could not use 
the AUG effectively. The possibility remains that the splice do- 
nor sequence could ligate to more than one acceptor sequence, 
how^ever. Of course, the juxtaposition of the unusual o non- 
coding AUG and the interx^ening sequence may be coincidental. 
The bovine PTH mRNA has the sequence GUG instead ot AUG 
in the 5' noncoding sequence (1, 3), suggesting that the 5 non- 
coding AUG is not of vital significance. On the other hand, jt 
is striking that two of the other rare cases of mRNAs with o 
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-3840 

gAttcattaatccacatAgaatttttctcgatggtataattctgtatttgttiaftagtctttgcfttaagccccttgtcftagccftaatgctgttttccttttagtatccaattatcteaaa 
-3720 

cttaagaagagtgtgcaccgcccaatgggtgtgtgtatgtgctgctt tgaacctatagttgagatccagagaattgggagtgacatcatctgtaacaataaaagagcctctcttggtaag 

-3600 

cagaagacctatatataaaagtcaccatttaaggggtctgc AGTCCAATTCATCAGTrGTCTTTAGnTACTCAG CATCAC CTACTAACATACCTG AACG AAG ATCTTOTTCTAAG ACAT 
-3480 

TGTATGgtaagtaaacttaaaaattcacttctgaatctcatgagatt t tgataa tcaagt tattatttaatgtgtaccat ttctacaaataccatgttgt ttcttcaaggtaaaatgc ta 

-3360 IVS 1 

: : : : IS APPROXIMAHELY : : : : : 

agaagtttgagttatgtttaatataaaatgccacatacaaaaataa 3400 BASE PAIRS LONG aagcttctcgtgaaaaccaacccaattagttagta ttgcattct 

-60 

gtgtactatagtttggaatattaaaaatattttaaaatacctccattttgcttatcct tt tagTGAAG ATG ATA CCT GCA AAA GAC ATG GCT AAA GTT ATC ATT GTC 

Met lie Pro Ala Lys Asp Met Ala Lys Val Met He Val 

40 

ATC TTG GCA ATT TCT TIT CTT ACA AAA TCG CAT GCG AAA TCT GTT AA gtaagtac t gt 1 1 1 gcc 1 1 gga at t gga 1 1 1 1 taa t gt tgact t ta tea 1 1 1 cga a g 
IJct Leu Ala lie Cys Phe Leu Thr Ly» Scr Asp Gly Lys Ser Val Lys 

150 

tgfigga&ctaatgggaagtggccctctctgtttctctlcttcccagG AAG AGA TCT GTC ACT CAA ATA CAG CTT ATG CAT AAC CTG CGA AAA CAT CTG AAC 

Lys Arg Ser Val Ser Glu He Gin Leu Met His Asn Leu Gly Lys His Leu Asn 

250 

TCG ATG GAG AGA GTA GAA TCG CTG CCT AAG AAG CTG CAG GAT CTG CAC AAT TIT GTT GCC CTT GGA GCT CCT CTA GCT CCC AGA GAT GCT 
Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gin Asp Val His Asa Phe Val Ala Leu Gly Ala Pro Leu Ala Pro Arg Asp Ala 

340 

GGT TCC CAG AGG CCC CGA AAA AAG GAA GAC AAT GTC TTG GTT CAG AGC CAT GAA AAA ACT CTT GGA GAG GCA GAC AAA GCT GAT GTG AAT 
Gly Ser Gin Arg Pro Arg Lys Lys Glu Asp Asn Val Leu Val Glu Ser His Glu Lys Ser Leu Gly Glu Ala Asp Lys Ala Asp Val Asn 



GTA TTA ACT AAA GCT AAA TCC CAG TGA AAATGAAAACAGATATTGTCAGAGTTCTGCTCTAGACAGTGTAGGGCAACAATACATGCTGCTAATTCAAAGCTCTATTAAGAT 
Val Leu Thr Lys Ala Lys Ser Gin 

540 

Tl'CCAAGTCCCAATATTrCTGATATAACAAACTACATGTAATCCATCACTAGCCATCATAACTCCAATrrrAATTGArrATTCTC 
660 . 

CTmCTATI-GTrTATT CiliTi AAAGTATGTIATniCATAATlTATAAAAGAATAAAATrGCA Ci ' lll AAACCTCTCTTCTACCITAAAATGTAAAACAAAAATC 
7 80 

CTAAATAAATGAAGTATTTCTCACTCAttgcaagtatatcttt ttggttatcactgatacccacatgtttacattgatcatgactaggtagaacaatacaaagtatttttttagtcatgt 

900 

gtttcacatttggatattttgaacatcaacgttttagtattaccaaagtattaggtttccaaatcttcactagctcaatactgttgtccttttggtttcaggaaaggaaataaaatgctc 
1020 

agcaaaaaaagggggcataaaagtggacc 

Fig. 3. DNA sequence of the human PTH gene. Nucleotides found in mature messenger RNA are capitalized; nucleotides in flanking and in- 
tervening DNA sequences are in lower case. Because of uncertainty about the start site of transcription and the exact length of the first intervening 
sequence, the first nucleotide of the coding region is designated nucleotide 1. The amino acid sequence of human preproPTH is indicated. 



noncoding AUGs — rat liver and sab* vary gland amylase mRNAs — 
both have intervening sequences starting immediately after the 
5' noncoding AUGs (19). In each case, in the mature mRNA, the 
AUG is followed by the potential codon AAA and then by the 
termination codon UAA. Further experiments will be required 
to evaluate the functional imphcations of these coincidental 
findings. 

The PTH gene's second inter\'ening sequence interrupts 



preproPTH's "pro" sequence. PreproPTH contains 115 amino 
acids — a typical 25-amino-acid signal or "pre" sequence is fol- 
lowed by the 6-amino-acid "pro" sequence, Lys-Ser-Val-Lys-Lys- 
Arg, and then by the 84-amino acid hormone, PTH. The func- 
tion of the "pro" sequence is unknown (see ref. 20 for discus- 
sion). Presumably the two basic residues, Lys-Arg, which are 
analogous to the two basic residues at the ends of most "pro" 
sequences, direct a peptidase to cleave the "pro" sequence from 
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PTH Comparison of the "pro" sequences of the pro-PTH mol- 
ecules from several species reveals that none of the first four 
amino acids of the "pro" sequences is conserN'ed; in contrast, the 
last bvo residues are always Lys-Arg (21). The human PTH gene s 
second interx^ening sequence, then, separates the pre se- 
nuence and the variable portion of the "pro" sequence from the 
basic residues Lys-Arg and the PTH sequence. According to 
Gilbert's hypothesis, through evolutionary time, the PTH se- 
quence carries with it the two basic residues required for cleav- 
age of the hormone sequence from any peptide to which splic- 
ing events might fuse it. 

Number of PTH Genes. Comparison of the sizes of UNA 
fraements generated bv restriction enzyme digestion of un- 
cloned human DNA and DNA from AhPTHl and AhPTH2 sug- 
gests that major rearrangements did not occur during the clon- 
ing Two kinds of data suggest that there is only one PTH gene 
in the human haploid genome. First, the blots of enzyme di- 
gests of uncloned DNA contain only bands predicted by the maps 
of AhPTHl and AhPTH2. These blots contain fragments gen- 
erated bv several restriction enzymes and probes covering both 
the far 5' and 3' ends of the gene. These results strongly suggest 
that the human genome contains only one PTH gene, but they 
cannot eliminate the possibility that the DNA sequences flank- 
ing multiple human PTH genes are tightly conserved in tbege- 
nome, resulting in identical physical maps of the multiple PTH 
genes. This possibility is eliminated by the second, quantita- 
tive, experiment, in which we measured in uncloned DNA the 
amount of DNA recognized by PTH-specific probes. By com- 
paring the intensity of autoradiographic bands in DNA blots ot 
uncloned genomic DNA and known amounts of cloned DNA, 
we could conclude that the genomic bands had the intensities 
predicted if the PTH gene is a unique gene. In a control well, 
we mixed together cloned and uncloned DNA and found that 
the resultant band after blotting had the intensity predicted by 
simple addition of the intensities associated with each of the 
DNAs. This result shows that the several micrograms of un- 
related DNA in the wells containing uncloned DNA did not in- 
terfere with the electrophoresis, blot-transfer, or hybridization 
of the PTH DNA. Because these blots were hybridized under 
stringent conditions, we cannot eliminate the possibility that 
the human genome contains PTH-like genes so different from 
the PTH gene that they could not be recognized by PTH gene 
probes. 

Potential Z-DNA Structure. The existence of a 14-bp seg- 
ment of alternating purines and pyrimidines (-3,699 to -3,686) 
134 bp upstream from the presumed site of initiation raises many 
interesting questions regarding the possible role of left-handed 
Z-DNA in the regulation of human PTH transcription. Negative 
supercoiling is the major driving force for stabilizing segments 
of left-handed Z-DNA. Nordheim et al (22) have recently shown 
that antibody to Z-DNA binds to a 14-bp sequence of alternat- 
ing purines and pyrimidines with one base pair out of alter-, 
nation, when the sequence in the plasmid pBR322 is negatively 
supercoiled in the physiological range. The alternating se- 
quence found near human PTH is 14 bp in length; however, it 
is part of an 18-bp segment of alternating purines and pyrim- 
idines with one base pair out of alternation. It is thus longer than 
the segment that has been observed to form Z-DNA in the plas- 
mid pBR322. The sequence near the PTH gene is largely of the 
h^pe (dC.dA)„-(dG.dT)„, and DNA segments of this type have 
been found to form Z-DNA at levels of negative supercoiling 
thit are within the physiological range (23). Hamada ^^f^-i^l 
have showTi that longer sequences of the t^'pe (dC-dA)„-(dG-dT)„ 
are widely dispersed through the eukaryotic genome in a num- 
ber of species. In their assay they determined that there were 
over 50.000 copies of this type, 50 bp or greater in length, in 
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Recently a number of proteins have been found in the nuclei 
of Drosophila cells that have the ability to bind specifically to 
left-handed Z-DNA but not to right-handed B-DNA (25). These 
proteins were found to have the property of stabilizing the Z- 
DNA conformation, and in particular w^ere sho^vn to bind to 
negatively supercoiled plasmids containing the sequence (dC- 
dA)„-(dG-dT)„. It is reasonable to beheve that similar Z-DNA 
binding proteins exist in human cells. These proteins may be 
able to stabilize the Z-DNA conformation in the nucleotide se- 
quence 134 bp from the presumed site of transcription initiation 
of the PTH gene. At the present time we do not know what the 
. effects would be of having Z-DNA binding protein attached to 
a segment of Z-DNA at this site. If we postulate that the Z-DNA 
binding proteins bind tightly to this site, and if this site is in the 
promoter region, the proteins could block the attachment of RN A 
polymerase and decrease the level of transcription. Alterna- 
tively if such proteins were readily released from this Z-DNA 
binding site and the local region of Z-DNA converted to one of 
B-DNA, the release would enhance the negative superhelica 
densitv in that region, which, in turn, might promote the level 
of RNA polvmerase binding. Further experimentation is nec- 
essary to show whether this region on the 5' side of the PTH 
gene plays any role in the regulation of gene expression. 

We thank Mar>' Douvadjian for secretarial help. This ^^ork was sup- 
ported by National Institutes of Health Grants AM 21529 and AM 11/94. 
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Efficient Secretion and Processing of Heterologous 
in Saccharomyces cerevisiae Is Mediated Solely b|| 
Pre-Segment of a-Factor Precursor 



JOACHIM F. ERNST - 



ABSTRACT 



A novel processing site was identified in fusions of the a-f actor precursor of Saccharomyces cerevisiaeM^ 
lowing its 19 amino-tenninal residues (pre-segment). Fusions of the pre-segment to heterologous protem^i: 
including aminoglycoside phosphotransferase (APH) and human granulocyte-macrophage colony stomutoW; 
ine factor (hGM-CSF), were as efficientiy secreted and processed as corresponding pre-pro fusions. Pre- and 
ore-pro fusions to hGM-CSF were identicaUy N- and O-glycosylated. While pre-pro fusions to mterieulan:!^ , 
were not cleaved, pre-fusions were correctly processed during secretion. The high secretion efflaency of pr^; 
fusions suggests that the pro-segment of the a-factor precursor is not required for efficient secretion an| 
processing of ;protein fusions. 



INTRODUCTION 

THE SECRETION PRECURSOR encoded by MFal in Sac- 
charomyces cerevisiae contains an unusually long 
leader region of 85 amino acids* followed by four tandem 
repeats consisting of 6-8 residues of a spacer region and 
the 13 amino acids of a-factor (Kurjan and Herskowitz, 
1982). Despite the signal sequence-like characteristics of its 
19 amino-terminal residues (pre-segment), no direct evi- 
dence exists for processing of the leader (Julius et aL, 
1984b; Rothblattvand.vMeyer,. 1986). The spacer region, 
however, is cleaved foilowing?;a Lys-Afg sequence and at 
each of the subsequent Glu/Asp-Ala sequences by the 
KEX2 and STE13 gene products, respectively (Julius et ai , 
1983, 1984a). Fusions of the entire leader region (pre-pro 
region) to many heterologous proteins are secreted very ef- 
ficiently and correctly processed at KEX2 and STEJ3 sites 
following the pro-segment (Bitter et ai,, 1984; Brake et ai., 
1984; Singh et ai., 1984; Ernst, 1986). Thus, the pro-region 
might contain positive signals required for effective secre- 
tion (sorting) into the growth medium. Alternatively, the 
particular efficiency of a-factor pre-pro fusions might be 



due solely to its pre-segment. Pre-segment cleavage cotM.^ 
conceivably be affecting secretion by influencing the rer^:;,^^^ 
lease of the secretion precursor from membranes of the :;/ 
endoplasmatic reticuluni. . yii '"^ : 

Some indirect evidence suggests that cleavage of the pre- 
segment can occur in the a-factor precursor and in pre-pro 
fusions to proteins. A proteolytic fusion fragment starting 
with residue 20 of a-factor precursor was detected in the 
culture fluid of a yeast strain expressing a pre-pro/hGM- 
CSF fusion (Ernst et aL, 1987). In addition, a-factor pre- 
cursor^ and; a pre-segment fusion are truncated during se- 
cretion mv/vo and in vitro (Rothblatt et ai., 1987; Sidhu = 
and BoUon, 1987), consistent with pre-segment cleavage., 
The present study analyzes fusions of the 19, 22, and 85 
amino-terminal residues of the a-factor precursor to three 
heterologous reporter proteins. The results define the pre- 
segment by demonstrating that only the 19 amino-terminal 
residues are required for effective secretion and processing.; 
There was no evidence for an effect of the pro-region on 
secretion and processing. These findings suggest a novel, 
efficient way for secretion of homologous and heterolo- 
gous proteins in yeast. . 
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grown to the logarithinic growth phase (data notiab^is 

£„ H k!J ^""^y^'i^ H (EndoH) treatment^ 
been descnbed (Ernst a/.. 1987). Rabbit poIycloiwlW^^ 
bodies agauist APH, hGM-CSF. and IL-l^ Expressed 1 



MATERIALS AND METHODS 

Host strain and growth conditions 

preparaUve NaDodSa-polyacrylamide gel el^l^arSl 



mrr^t. 1986). Transformants were grown in'minimafme: 
dium supplemented with 4% casamino acids, as described 
previously (Ernst, 1986). 



and sequenced as described (Ernst etal limm^ 



Plasmids 



RESULTS 



Secretion vectors 



/"f^r'^"* constructed as described previously 
(Ernst. 1986). such that the first amino acid of the heterol- 

S r '° ''^luence consti- 

utmg the processmg site for the KEX2 gene product 

n te it. "L'^^^' of a conveniem Hinc 

II site m MFctl close to the region corresponding to the 
pre-segment cleavage point aUowed fusions of a pre-sea- 
ment elongated by 3 amino acids (Ala-Pro-Val) to heterol- 
ogous proteins (pre'.fusions). The extra residues were re- 
moved m later constructions using primer mutagens^^i 
(Oostra et al., 1983) by placing a Nae I site (GCC W)'^ 
.^^"/ corresponding to the pre-cleavage ^ 

Ti^ i^^r^fl- •^'^'vage with Bam m and S 
II {OTNae \) of pER562 (Ernst etal., 1987) (or its Nae I de- 
nvative) yielded a fragment encoding the/lCT(actin) pro- 

'"Ik"^ k. P'"-> «8™«"t' *hich w^ li- 

ga ed with a blunt-end/yff«d III fragmem encoding the 
hetero ogous protein and inserted between the Bam HI and 
III sites of JDB207 (Beggs. 1981). For aminoglyco- 
side phosphotransferase (APH) constructions a 1.3-kb 
Xho l-Sa I fragment of Tn903 was excised from pEX-4 

helw f siie S nnr«' inserted jnto i^- -a pre-pro lusions to the cytoplasmic pro- 

wirf^lLf.f'^y.^o ^''^ jurictibSr 'tein APH were examined. APH is a 26-fcOM,roteta^? , 

HT n,^'^''' """" ™^ P'^'' was^Wt-^coded by Tn903 that direcu G418-(ka^S?rSaS. 

protem were studied because regions-within the protein re- 
quired for secretion, or sorting (Schauer et al 1985- 
Haguenauer-Tsapis et al., 1986) should be absent; APH 
lacks Asn-X-Ser/Thr sequences that could become ;V-gly- 
cosylated and thereby affect secretion efficiencies (Ernst et 
al., 1987). Culture fluids of yeast strains expressing pre*- 
(PER711) and pre.pro-(pER678) fusions contained equal 
amounts of the 26-kD APH protein, indicating equally ef- 
ficient cleavage of pre- and pre-pro regions (Rg. 1). Both 
transformant strains grew equally weU as a nontrans- 



Secretion vectors for S. cerevisiae wck co. 
encode proteins containing the 19, 22, and;85 
nal residues of a-factor precursor (pn-, pTt*:fml^mp^f^,.^ 
segments) fused to the coding region of heterologbte;^^^^ 
terns. To probe differem aspects of yeast secretion tlft foll^^i 
owng three proteins were chosen: a cytoplasmic :i)rMei^^^^^' '^^^ 
(APH), a Nt and O-glycosylated protein :{S6MrCSF); and'™ 
a protein that is secreted as part of ame»ive secr^ibn^i 
^precursor (lL-10). Protein fusions werd^iBMcm expi^ '* 
sion vectors containing LEU2 and l^secjaexes f6r'itiet0^ 
tion and replication in yeast; signals for initiation and ter- " ' 
mmation of transcription of gene fusions were provided by 
the ACT promoter and the FLP terminator (Beggs 1981 • ' : 
Ernst, 1986). v np, 



Secretion of heterologous proteins 



cut with H,nd III. The resulting fragmem encoding a AlO 
APH protem commencing with Asp-Pro residues derived 

™T ! '° P'^*- P^^-P'-o sequences as 

outhned above. Pre- (pER873) and pre-pro- (pER562) 
fusions to human granulocyte-macrophage colony stimu- 
^ting factor (hGM-CSF) were constructed using a 0.4-kb 
^co I (S.-treated)-y/M III fragmem of p210* (E?nst et aT, 
1986) carrying the coding region for mature hGM-CSF To 

(IL^^'l ll'^Fr^'^'° ^""'""'^ '° """'^ interieukin-1^ 
S^tn S u V;'' !i^'>-^'"' encoding 



To determine the effect of the pre-segmem on secretion r "*" 
efficiency pre- and pre-pro fusions to the cytoplasmic pro-" 



mature IT \R /w;« *- 7 "«*si"ciu encoaing ^..^mua ^cw equally weU as a nontrans- 

pt^A^ has been described (Ernst and Chan, 1985). ' 'termined by microscopic inspection an#b^ analysis of me. 



Protein procedures 

NaDodSO.-polyacrylamide gel electrophoresis (15% gel) 
and immunoblotting procedures were carried out on cul- 
tures of yeast transformants grown to the beginning of the 
stationary growth phase, as described previously (Ernst et 
1987; Moonen et al., 1987). For all proteins, qualita- 
tively similar results were obtained with transfocm^mtsv 



:termined by microscopic inspection an#by analysis of me- 
•dium proteins by NaDodS04-polyacrylamide gel^eldetro- 
phoresis (also note in Fig. 1 the absence of crQsi-reacting 
intracellular proteins in the medium). In ad^fiori. APH 
expressed by vector pEX-4 was detected only^ intraceUu- 
larly (Fig. 1). Therefore, the presence of APfiln the cul- 
ture fluid was due to secretion and not cell lysis. With both 
secretion vectors, pER71I and pER678, about 5% of total 
APH (0.2-0.5 mg/liter) were secreted (ODgoonm = 10). In 
association with cells, the same 26 kD protein, as weU as 
smaller amounts of a second unidentified protein (35 kD 
^or PER678; 45 kD for pER71 1) were detected by the APH . 




-18.4 



-14.3 



1234 5678 

FIG. 1. Secretion of pre*- and pre-pro-APH fusions. 
Cultures of yeast transformants were centrifuged and 30 fA 
of culture medium concentrated tenfold (lanes 5-8), or 
cells contained in 30- fd culture medium (lanes 1-4) were 
subjected to NaDodS04-polyacrylainide gel electrophore- 
sis, followed by immunoblotting using rabbit anti-APH. 
Lanes 1 and 5, pre*-fusion (pER711); lanes 2 and 6, pre- 
pro fusion (pER678); lanes 3 and 7. intracellular expres- 
sion plasmid pEX-4; lanes 4 and 8, negative control vector 
JDB207. Numbers on the right side of the figure indicate 
the migration of (BRL) molecular weight standards (kD). 



antibody. Thus, the presence of the pro-segment in fusions 
to a cytoplasmic protein did not have any effect on secre- 
tion. 

To explore the effect of the pro-region on giycosylation. 
pre- and pre-pro fusions to hGM-CSF that become exten- 
sively A^- and O-giycosylated during secretion by yeast were 
studied (Ernst ei aL, 1987). Besides the 14.5-kD ungly- 
cosylated protein, N-glycosylated derivatives of 18 kD and 
about 50 kD and O-glycosylated forms of 15.5 kD, 19 kD, 
and about 50 kD are secreted. N- and O-glycosylation in 
yeast occurs after the nascent protein chain has traversed 
the membrane of the endoplasmic reticulum (Haselbeck 
and Tanner, 1983). If the pro-region prolonged the dura- 
tion the precursor remains attached to the membrane, for 
example by inhibition of processing of the pre-segment, 
more extensive N- and O-glycosylation might result. Quan- 
tity (about 20 mg/liter at ODeoo = ^0) and quality of ceU- 
associated and secreted hGM-CSF derived from pre- and 
pre-pro fusions were similar (Fig. 2). Thus, the identical 
secretion and glycosylation obtained with pre- and pre-pro 
fusions does not indicate that the pro-region has any effect 
on the secretion pathway. 

Fusions of the pre-pro segment to heterologous proteins 
are occasionally not cleaved by the KEX2 processing en- 
zyme (Thim et aL, 1986). Pre-pro fusions to IL-1/3 were 
not processed, resulting in secretion of very small amounts 
of a highly glycosylated secretion precursor (data not 



shown). Both pre*- {pER822) and pre- (pER870) />iaor&^^^ 
were effectively secreted and processed (about 10 nt(g/li^^ 
secreted at ODeoonm = 10) (Fig. 3). The secretedj^^^ 
was partially /s^-glycosylated, resulting in a IT^kpliffii 
cosylated and a 20-kD glycosylated protein .thiu%as| 
duced in size to 17 kD by EndoH treatment (Fig^;3)^r ^ 
estingly, a third protein of 18.5 kD reactive withaiQJi;^^^ 
was detected in association with cells, consikcsrt^vi^^^^^ 
of pre-cleavage of this protein. It should be note^fm^" 
first residues of IL-1/3 Ala-Pro- Val are ide^^i^^ 
amino acids following the pre-cleavage point? utt5?| 
precursor. This sequence may contribute tbvldej^^ 
cessing of the pre-segment. --.^jir^^^^^ 

Protein analyses ' ' . .-..^ir^^^^^^^-^^ 

The 20-kD form of secreted 1L-Ij3 was isolated by P^eIWHg||^^ 
rative NaDodS04-polyacrylamide gel electrophoresis andfejjj-g::;^ 
subjected to automatic Edman degradation (Table : l); ;J^^^ ' vv 
With pre*-fusions, an lL-10 variant elongated by three 
amino acids derived from the MFal region was secreted,'^^ 
indicating that the a-f actor precursor pre-segment was .,■ 
cleaved following residue 19. In contrast, a pre-fusion was : ^ ^ 
processed correctly during secretion (Table 1). 



DISCUSSION > 

These findings provide experimental evidence that the 19 
amino-terminal residues of the a-f actor precursor (pre-seg-^; 
ment) are sufficient to mediate efficient secretion and pro- 
cessing of heterologous proteins in S. cerevisiae. This re- 
sult has implications regarding the role of pre- and pre-pro 
segments of a-factor precursor in secretion and also dem- 
onstrate an efficient alternative for secretion of homolo- 
gous, or heterologous proteins in yeast. 

It has previously been suggested that the structiural por- 
tions of secreted yeast proteins contain signals important 
for secretion efficiency or for sorting (Schauer et aL , 1985; 
Haguenauer-Tsapis et aL, 1986). Conceivably, the pro-seg- 
ment of the yeast a-factor precursor (Kurjan and Hersko- 
witz, 1982) could contain such signals. The present work 
shows that pre-fusions to three unrelated heterologous pro- 
teins are secreted and that pre- and pre-pro fusions have 
equal secretion efficiencies. At least two hypotheses are 
compatible with these results. First, the efficient secretion of 
pre-pro fusions could be due solely to the pre-segment. In 
this case, neither the pro-sequence nor the chosen heterolo- 
gous proteins are assumed to contain sequences stimulating 
secretion. Second, the pro-segment, as well as the heterolo- 
gous proteins tested might contain sequences stimulating 
secretion. Several assumptions have to be made for this hy- 
pothesis, including the presence of fortuitous stimulatory , 
sequences in a cytoplasmic protein (APH) and of fortui- 
tous, or natural stimulatory sequences in two human pro- 
teins that are also efficiently recognized in a heterologous 
host. Thus, in the absence of definitive proof for a secre- 
tion enhancer sequence in other systems, the simplest ex^ 



^^^^ 




FIG. 2, Secretion of pre- and pre-pro-hGM-CSF fusions. Cultures of yeast transformants were centrifuged ahd-ceils\l;'?;^;^^^^ 
contained in 30 ;J of medium (Lanes 1-3), or 30 fd of medium (lanes 4-6 and 8-10) were analyzed by NaDodS04-pbly-*^''"'^l^^^^^ 
acrylamide gei electrophoresis, followed by inmiunobiotting using rabbit anti-hOM-CSF. Lanes 1 and 4, Control vector ' ! r 
JDB207; lanes 2 and 5, pre-pro fusion (pER562); lanes 3 and 6, pre-fusion (pER873); lane 7, standard proteins (BRUy:::-.^^ 
(the 14.3 kD and 25.6 kD standards cross-react with anti-hGM-CSF); lane 8, 30 fd of medium of the pJDB207 transfor- '] ; ' r ,) 
mant was treated with EndoH; lane 9, as lane 8, but with medium of the pER562 transformant; lane 10, as lane 8, but 
with medium of the pER873 transformant. The positions of hGM-CSF forms (Ernst et aL, 1987) are denoted by letters:, 
a, 14.5 kD (unglycosylated); b, 15.5 kD (O-glycosylated); c, 18 kD core-TV-glycosylated; d, 19 kD, core and O-glycosyl- 
ated; e, 25 kD deglycosylated precursor; f, O-glycosylated precursor; g, heterogeneous 7V-glycosylated 50-kD form. 



-b 
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FIG. 3. Secretion of pre- and pre*-IL-li3 fusions. Cell- 
bound (lanes 1-3) and medium IL-1/3 (lanes 4-7) expressed 
by yeast transformants was analyzed by NaDodS04-poly- 
acrylamide gel electrophoresis, followed by immunoblot- 
ting using rabbit anti-IL-10 as described in the legend for 
Fig. 2. Lanes 1 and 4, Control vector JDB207; lanes 2 and 
5, pre*-fusion (pER822); lanes 3 and 6, pre-fusion 
(pER870); lane 7. 30 of medium of the pER870 transfor- 
mant treated with EndoH. a. 17-kD form; b, 20-kD form. 



planation, /.e., the absence of positive secretion signals 
within the pro-region of a-factor precursor, appears most 
likely. We previously discovered that the degree of protein 
glycosylation can affect the efficiency of secretion (Ernst et 
al,, 1987). Because pre- and pre-pro fusions to a imgly- 
cosylated protein are equally secreted the glycosylation of 
the pro-segment appears not to be a significant factor in 
secretion. A positive biological role for the pro-segment is 
however suggested by the inability of mfal mfocJ double 
mutants, which do not express a-factor precursor, to mate 
in the presence of exogenously supplied a-factor (Kurjan, 
1986). 

Our previous finding of pre-segment processing in vivo 
(Ernst et al.y 1987) shows that the presence of the pro-seg- 
ment does not prevent pre-segment processing. This obser- 
vation is particularly important since processing of signal 
sequences in vivo and in vitro is not necessarily identical 
(Rottier et aL, 1987). Residues following the pre-cleavage 
site may nevertheless contribute in modifying the velocity 
of the processing step (Haguenauer-Tsapis et aL , 1986). In 
agreement with this notion, a pre-fusion to IL-1/3, which 
commences with identical residues as the pro-region itself 
( Ala-Pro- Val) appeared to be processed incompletely. The 
uncleaved protein species was found exclusively associated 
with the cell and no uncleaved glycosylated protein (ex- 
pected size about 21.5 kD) was found, suggesting that sig- 
nal cleavage is required for effective secretion and TV-gly- 
cosylation (Haguenauer-Tsapis et aL, 1986). Delayed 
processing of the pre-region may be the reason why pre- 
segment processing was not observed initially (Julius et aL^ 
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Table 1. Amino-Terminal Residues of Secreted by S, cereyisiae^:^^r^^^ 



Plasmid 



Protein . 



Seguence^Sl-i 



pER822 Pre*-fusion 

secreted protein 



pER870 Pre-fusion 

secreted protein j . 



15 16 17 18 19 

.,.s S-. Ja. l a 



15 16 17 18 19 
..S S A L A 



20 ■ -ai-,-^ 22 ■■■■ :/--»^HW*.;^S^WS!#! 

A ..., P.. ^.-A,;,;p^g.g.^g 
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P 
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'y'' 
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R 



/ aResidues derived from the a-factor-precursor are underlined and numbered. 



1984b; Rothblatt e/a/., 1986). Recent results, however, 
suggest that the pre-segment processing observed in pre- 
pro fusions to heterologous proteins can also occur in the 
a-factor precursor itself (Rothblatt et a/., 1987). 
' The results demonstrate that pre-fusions to heterologous 
proteins are an effective alternative to conventional pre- 
pro a-factor fusions (Bitter et aL, 1984; Brake et aL, 1984; 
Singh et aL, 1984; Ernst, 1986). Because of the potentially 
inhibitory effects of residues following the pre-segment on 
its processing, precise fusions of the pre-segment to the 
heterologous protein should be most effective. As demon- 
strated with IL-lj8 fusions, correct pre-cleavage can even 
occur in cases where corresponding pre-pro fusions are not 
processed at the KEX2 site. 
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Qj) Process for expressing heterologous protein in^yeast expression vehicles and yeast organisms therefor. 

@ The isolation of the yeast or-f actor genes is descnbad. The 
promoter and signal peptide portions are isolated and joined 
to DNA coding for proteins heterologous to yeast in a plasmid 
which Is used to transform yeast cells. The yeast expresses 
the heterologous DNA and processes and secretes the 
heterologous protein. 
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PROCESS FOR EXPRESSING HETEROLOGOUS PROTEIN IN 
YEAST, EXPRESSION VEHICLES AND YEAST ORGfiNISMS 

THEREFOR 



This a?3plication is related to US applications Serial No. 
06/438,236 (EP 88632), and Serial No. 06/488,337 filed :25 April 1983 
{European ajiplication filed csx even date) , the disclosures of 
v4iich are herday incorporated by reference. 



Field of the Invention 

This invention is directed generally to recombinant DMA 
■ technology utilizing yeast host systems and expression vehicles that 
produce, process and secrete heterologous protein as discrete 
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product unaccoopanled by interfering amounts of unwanted presequence 
or other artifact of expression. 

Proteins that are secreted through the cell niembrane of the 
5 parent cell are ordinarily produced In the cell as a "pre" -protein. 

In that form, the protein Is fused to an additional polypeptide 
sequence which presumably assists its secretion and localization. 
This additional protein, referred to as a "signal" polypeptide,- Is 
believed to be clipped froB the secreted "mature" protein during the 

10 secretion process. Although the signal peptides of pre-proteins 

sharfe some sloilarfties, their prlDtary structures differ 
considerably. The signal peptides even for a given organisai exhibit 
this variation. For exaople, the signal for tuman growth hormone is 
substantially different froa the signal for hman insulin. This 

15 suggests that each protein has evolved with a signal sequence which 

is particularly well suited for translocation of that particular 
protein through a cell Dembrane. 

This invention is based upon the discovery that a substantially 
20 mature protein Is produced and often secreted by yeast when the DMA 

coding for the heterologous protein is operably attached to the DKA 
sequence of the pr^omoter and/or signal peptide encoding portions of 
the yeast a-factor gene. (It will be apparent from the disclosure 
herein that yeast harbors at least tiro alpha factor genes. The use 
25 of "the alpha factor gene" is Intended to Include all such 

» - - 

functional genes.) ^Ibus, in a prinary aspect, this inventicn is 
directed to the means and nethods of obtaining useful quantities of 
heterologous protein from the nedlun of a yeast culture containing 
viable cells harboring expression vehicles containing DKA encoding 

3Q the desired protein, wherein the DMA coding for this heterologous 

protein is operably connected to a DKA sequence comprising the 
promoter and/or signal portion of the yeast a-factor gene. Of 
enonnous advantage is the enablement, \^ this invention, of 
obtaining useful, discrete protein product in the cell culture 

35 medium by expression of heterologous DHA in an easily modified 

plasmid. 
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The alpha factor of yeast contains a "pre-pro" sequence which is 
ordinarily removed from the a- factor upon the completed act of 
secretion. Operationally, therefore, the pre-pro sequence functions 
as a signal sequence in the process of secretion into the medium as 
will be further explained below. It is clear from the results 
obtained herein that the peptide which comprises the thus-defined 
signal sequence of alpha factor fused to a heterologous protein is 
successfully processed by the yeast organism so as to result in. the 
secretion of the mature heterlogous protein into the surrounding 
medium. Therefore, the advantages obtained by use of this "pre-pro" 
signal are realized whether or not the expression of the 
signal /heterologous protein gene sequence is under the control of 
the alpha factor promoter or under the control of other promoters 
which are functional in yeast. Similarly, the results obtained 
demonstrate that the alpha factor promoter is effective in 
expressing the heterologous gene, and that such expression could be 
obtained without the intermediate insertion of the signal sequence 
into the expression vehicle. Accordingly, this invention is 
directed to the use of alpha factor promoter qua promoter in yeast 
systems for the expression of heterologous peptides and to the use 
of the alpha factor signal qua signal as a means for effecting 
processing and secretion of heterologous proteins produced as a 
result of expression in yeast. 

The publications and other materials referred to herein to 
illuminate the background of the invention, and in particular cases, 
to provide additional detail respecting its practice, are 
incorporated herein by reference, and for convenience, are 
numerically referenced and grouped in the appended bibliography. 

Background of the Invention 

Yeast organisms naturally transport a small number of certain 
homologous proteins to, and sometimes through, the plasma membrane 
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as an essential contrtbution to cell surface growth and cell i 
metabolism. As the cell buds as an incident of reproduction i 
preparatory to formation of a daughter cell, additional proteins are j 
required for formation of cell wall and plasma membrane as well as j 

5 for metabolism* Some of these proteins must find their way to the 

site of function; hence, a secretory pathweo' is believed to exist 
(1). Certain homologous proteins involved in the above processes 
are formed by translation by ribosomes attached to the endoplasmic 
reticulum. Homologous proteins are those normally produced by the 

10 yeast species and required for its viability. Once formed, they 
migrate by transfer to Golgi apparatus, thence within vesicles to 
plasma membranes where some associate, or to some extent, penetrate 
into the space between the plasisa membrane and the cell wall* A 
small number of homologous proteins seems to be exported completely 

^5 through the cell wall, such as a-factor and killer toxin (2,3)* 

Again, the bud region of the cell seems to be the site of 
attraction for the vesicles and by their fusion to the inner surface 
. of the bud they contribute to the overall growth of the plasma 

20 membrane, and presumably, the cell wall (4,5,6). It is 

controversial still whether glycosylation of the protein may assist, 
or is implicated, in the so-called secretory process. Further, by 
definition "secreted" proteins are believed to have a signal 
prepeptide, postulated to be associated with the transport or 

25 incorporation process at the membrane surface. However, the precise 

mechanism involved in the overall secretory prwess is not fully 
understood. 

It was contemplated that recombinant DMA technology could 
3Q provide valuable assistarrce in answering the open questions about 

the secretory process in yeast organisms and, given its proven 
applicability in enabling such, and other, organisms to produce 
copious quantities of heterologous polypeptide products endogenously 
(See, e-g., 7 to 17), in achieving appropriate manipulation of the 
35 yeast host so as to direct the secretion of heterologous protein in 
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<liscrete, mature form. This has, in fact, been achieved and 1s the 
subject of us 438,236 (EP 88632), 

supra. In that application is described the discovery that a 
heterologous protein, initially expressed as a pre-protein with its 
native signal or hybrid thereof, can be processed and secreted by 
yeast as a mature protein. 



Sunmary of the Invention 

This invention is based on the discovery that yeast organisms 
canT»e caused to produce, process and secrete protein that is 
normally heterologous to the yeast organism and not required for its 
viability, such that the protein can be obtained from the medium 
supporting the viable and reproducing yeast cells and in discrete 
form substantially unaccompanied by unwanted peptide presequence or 
other artifact of expression. For this purpose, a DNA sequence 
encoding the desired, heterologous protein is linked to the DMA 
sequence encoding the non-native (to the protein) signal sequence of 
yeast a-factor. Suitable yeast cells are transformed with 
expression vehicles harboring such DNA encoding a heterologous 
protein operably connected to the such DMA coding for the o-f actor 
signal (pre-pro) peptide and a promoter. Upon expression of the 
sequence encoding the heterologous protein together with that 
encoding o-factor signal peptide, the expression product Is 
processed and the mature heterologous protein is exported into the. 
medium of the cell culture, from which it can be removed with 
relative ease, without need to disn^Jt the viable yeast cells. It 
is thus recovered in otherwise substantially mature fonn for use, 
without the need to remove unwanted presequence or certain other 
artifacts of expression (e.g., the methionine attached to the 
otherwise first N-terminus amino acid which is an expressional 
consequence of the AUG translational start signal codon) . Thus, the 
medium can be obtained in a form substantially free of viable or 
disrupted {i.e., lysed or otherwise broken) cells and, since it 
contains the desired product, is susceptible to more easily employed 
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puriftcation techniques. Such product, after purification, is fit 
for use as intended. For example, human leukocyte interferon 
product finds use as a hianan antiviral and/or antitumor agent (See, 
generally, 7 to 17). 

5 

In sumroaiy, the present invention comprises the use of yeast 
alpha factor signal sequences and/or promoter to produce a protein 
normally heterologous to a yeast organism and not required for its 
viability, in discrete form uPtaccon^janied by any substantial peptide 

10 presequence or other artifact of expression, as a product of yeast 

expression, processing and secretion. Further, this invention 
provides yeast cultures capable of producing such protein and 
resultant yeast culture media containing such protein as product. 
More specifically, the invention is directed to a process for 

^5 producing heterologous proteins in yeast, and the expression 

vehicles and organisms employed in this process, wherein the alpha 
factor promoter is used to effect the expression of the foreign 
gene*. Further, the invention is directed to the use of the signal 
(pre-pro) sequence for alpha factor to effect the processing and 

20 secretion of an expressed foreign protein, to a recombinant 

expression vehicle effectively harboring the alpha factcor DNA 
sequences and to the cells transfonned with such vehicles. 

By the term "heterologous protein" as used herein is meant 
25 protein that is not normally produced by or required for viability 

of a yeast organism. This term contemplates the functional 
insertion of DHA encoding such protein, via recombinant DMA 
technology. Into an expression vehicle, in turn used to transform a 
yeast organism host. Functional Insertion of DHA denotes the 

30 insertion of DMA encoding the heterologous protein into an 

expression vector under control of the o-factor promoter and/or 
connected to the DMA sequence coding for the a-f actor signal to 
obtain a hybHd preprotein, i.e., one which conqprises the a-factor 
signal peptide fused to the heterologous protein. Examples of such 

35 heterologous protein are hormones, e.g., human growth hormone. 
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bovine growth honnone, etc.; lymphoid nes; enzymes; interferons, 
e.g., human fibroblast, human immune and human and hybrid leukocyte 
interferons, bovine Interferons etc.; viral antigens or immunogens, 
e.g., foot and mouth disease antigens, influenza antigenic protein, 
hepatitis core and surface antigens, etc.; factors incidental to 
grov/th, e.g. human Insulin-like grovrth factor (IGF-l and IGF -2), 
epidermal growth factor (EGF) and nerve growth factor (NGF) and 
various other polypeptides, e.g., rennin, human serum albumin, -human 
Insulin, various glycoproteins, etc. 

'"Secretion" as used herein means exportation of product through 
the plasma membrane and at least into or through the cell wall of 
the yeast organism into the medium supporting the cell culture. In 
this connection, it will be understood that in some instances, 
"secreted" product associates in some manner with the cell wall, 
perhaps necessitating a different purification procedure or a 
modification of the structure and function of the yeast host. 

"Processing" means the cellular cleavage of the a-f actor signal 
peptide from the mature protein so as to produce the heterologous 
protein unaccompanied by any substantial portion of the signal 
sequence or by extraneous peptide in— so-called discrete—mature 
fonn. By "extraneous" peptide is Included peptide artifacts of 
expression such as methionine. Processing admits of cleavage of the 
signal polypeptide at a locus inconsequentially removed from the 
precise point of signal peptide union with mature protein. 

Brief Description of the Drawings 

Fig. 1 illustrates the structure of pools of synthetic 
oligonucleotides used as tiybrldization probes to isolate the gene 
for a-f actor. 

Fig. 2 illustrates the results of electrophoresis of DNA 
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fragments obtained using the probes of Ftg. 1. 

Figs. 3 and 4 are the nucleotide sequences of o-factor genes. 

5 Fig. 5 illustrates the scheme for joining the gene for hunan 
interferon D with the gene for the o-factor proooter and signal 
sequence. 

Fig. 6 illustrates the scheme for construction of a yeast 
^^expression plasmid for expression of huoan interferon 0 (IFN-aj). 

Fig. 7 depicts the protein and DKA sequence at the junction of 
the a-f actor signal sequence and the modified IRI-a^ gene. 

,g Fig. 8 shows the levels of IFH-«j in the Bedium and cell 
extracts of a culture of a yeast transfonsant expressing IFN-a^. 

Fig. 9 illustrates the scheme for construction of a 
yeast/^. coli shuttle vector for expression of heterologous genes 
2oUsing the a-factor pronnter and signal polypeptide gene sequences. 

Fig. 10 illustrates the asseably of a yeast/E. coli plasaid for 
expression of tissue plasRim^en activator. 

25 ^"^9- 11 depicts the construction used to effect the^production 
of mature heterologous i>rbXe5fts-t human interferon illustratefiT as 
a product of expression with partial alpha factor signal sequence, 
processing of the alpha factor conponsient and secretion of the 
mature protein into the supporting medium. 

30 

Fig. 12 illustrates the degree of consensus between the MFol and 
t^aZ polypeptides of figures 3 and 4. 



35 
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Detailed Description of a Preferred Embodiment 

The yeast Saccharomyces cerevisiae secretes only a limited 
number of proteins into the culture medium. One of the proteins 
that is found in the medium is o-pheroraone or a-factor (2). Duntze 
and coworkers (18, 19) first determined that the o-factor is a 
family of four oligopeptides of 12-13 amino acid residues having the 
basic sequence 

H2N-(Trp)-His-Trp-Leu-Gl n-Leu-Lys-Pro-Gly-Gln-Pro-Met (or MetSO)-Tyr-COOH. 



Figure 3 shows the location of the foOr peptides in the 
unprocessed product of one of the c-f actor genes, MFo-1. Only the 
"boxed" segments are secreted into the medium, the remaining 
sequences are not. It is not clear how much of the remaining 
15 sequence is "true" signal (pre) sequence, which is at least 

partially processed to effect secretion, and how much is "pro" 
sequence in the sense of a traditional precursor protein (e.g., 
prorennin, proinsulin. ) 

20 Similarly, only the "boxed" portions in product of the ^Fa2 

gene shown in Figure 4 are secreted, and the nature of the remaining 
sequences can be described analogously to that of those in KFol. 

During the reduction of this invention to practice, another 
group (44) succeeded in isolating and sequencing one of the genes 

25 for Q-f actor (VFal) by methods different from tfiose disclosed 

herein. As described below, two «-factor genes were isolated by us 
and expression vectors in which the DNA sequence for the promoter 
and signal peptide of a-factor was inserted in tandem with the DNA 
sequence coding for heterologous protein were constructed from one 

30 of them. 



A. Bacterial and Yeast Strains 

coli K-12 strain 294 ( endA thi~hsr"hsm*)(ATTC 
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31446) (22) was used for bacterial transfomatlons. Yeast strain 
20B-12 (o, trpl pep4 ) deposited without restriction in the AraeHcan 
Type Culture Collection, ATCC Ko. 20626, on March 5, 1982 was used 
as yeast host- 

B. Growth Media 

The routine yeast growth onedium contained 1 percent 
Bacto-yeast extract, 2 percent Bacto-peptone and 2 percent 
dextrose- Yeast minimal roediira contained 0.67 percent Bacto-yeast 
nitrogen base without amino acids, 2 percent dextrose and 3 percent 
gar. The minimal medium supplemented with IK sorbitol was used for 
yeast transformations. Bacterial growth medium was LB (25) which 
was supplemented with 20 iig/ml ampicillin when used for 
transformation. S-agar plates used for colony screening contained 
per liter: 32g tryptone, 5g MaCl, 1^ Difco agar and 0.2g HaOH to 
which ampicillin or chloramphenicol was added as indicated. 

C. Transfonnations 

E^. coli 294 was transformed using a published procedure 
(23). Yeast were transformed essentially as described (21, 24). 

D. Enzymes and DMA Preparations 

Restriction enzymes were purchased from Wew England Biolabs 
and Bethesda Research Laboratories and were used according to 
manufacturer's recc»aaendations« T4 DMA ligase was from Hew England 
Biolabs and was used in ZOrH Tris-HCl (pH 7.5), lOnW KgClg, IftuM 
dithiothreitol, ImM ATP at 14*C. Calf alkaline phosphatase was 
purchased from Boehringer Mannheim and was used in lOOmM NaCl, 50ai^ 
Tris-HCl (pH 7.4), lOtnM HgSO-, ImM 2-mercapto-ethanol at 37'C. 
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Plasmid DMAs were prepared by the cleared lysate method (29) 
and were purified by Bio-Rad Agarose A-5p column chromatography. 
Small amounts of plasmid DNAs from individual Z. coll transfonnants 
were prepared by a quick-screening procedure (20)- DMA restriction 
fragments were isolated by electroelution from a 1 percent agarose 
gel followed by phenol /chloroform extraction and ethanol 
precipitation. 011go-deo)vnucleotide probes were prepared by .the 
phosphotri ester method (41). 

E. Design of the Hybridization* Probe 



The 15-mer oligonucleotide probes for the a-f actor gene were 



designed on the basis of the amino acid sequence of the pheromone 
(19) and yeast codon usage frequencies. The rationale is outlined 
in Fig. 1 where the last 5 amino acids of the o-f actor and all the 
possible codons and their usage frequencies are given. (The codon 
usage is the total of 2 different glyceraldehyde-3-phosphate 
dehydrogenase clones (30, 31) and of alcohol deJydrogenase !•) The 
codon usage for these and other genes has recently been summarized 
(45). As can be seen from Fig. 1, virtually all possible sequences 
coding for the 5 amino acids are included in the oligonucleotide 



sequence 5*-GG^CAACC?ATGTAC. Accordingly, two pools consisting of 

tvK> oligonucleotides each, and complementary to the above sequence, 
'Were ^syrfthesi zed. No 'other contiguous 5 amino acids in the 
pheromone could be covered with such a limited set of 
oligonucleotides . 

F. Screening of Recombinant Plasmids 

A genomic library, made by insertion of partially 
Sau3A-d1gested yeast DNA into the BamH I site of YRp7 (32), was 
screened for presence of a-f actor gene clones. E. coli 
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transfonnants were grown on nitrocellulose filter paper (Schleicher 

and Schuell, BA85) placed on S-agar plates containing 5 g/ml 

arapicillin. After 6 hours at 37*C, filters were transferred to 

S-agar plates containing 150 g/ml chloramphenicol. After 15 hours 

of amplification colonies were tested for hybridization using a 

32 

modified in situ colony screening procedure (38). P-labeled (40) 
synthetic oligonucleotides described above were used as hybridization 
probes. Filters were hybridized overnight at 42"C in lOtaM Tris (pH 7.5), 
SnM EDTA, O.lmH ATP, ImM sodiira pyrophosphate, O.ai NaCl, IX Denhardt's 
solution, 0.5 percent KP-40, and 0.1 mg/iol E. coli tRHA. Filters were 
washed 3 tiBies for 20 min. in 6XSSC at 30*. Dried filters 'were exposed tc 
Kodak XR-2 X-ray film with Dupont Lightning-Plus intensifying screen at 
-80". 



G. Identification of Recombinant Plasmids Containing the c-f actor Gene 

Approximately 4500 bacterial colonies containing recombinant 

plasmids were tested for in situ Fybridization (38) with 
32p 

-end-labeled oligonucleotide pool I (Fig. 1). Twenty-four 
plasmids hybridized to varying degrees. Small amounts of plasmid 
DMAs were prepared from these 24 colonies by the method of Bimboim 
and Doly (20) and tested for l^ybridization with the same probes 
after spotting the DHA samples on a nitrocellulose filter. Two of 
the 24 plasmids, designated as p51 and p52 respeotively, Ivbridized 
strongly and were chosen for further study. The p51 and p52 
plasmids also hybridized with the oligonucleotide pool 
II. 

H- Subcloning of the Hybridizing Sequences 

To characterize the inserts that hybridized with the 
synthetic probes, plasmid DNA prepared from the p51 and p52 clones 
was subjected to restriction enzyme analysis with EcoRI, Sai l. 
Hindlll, Bantf il, and Pstl. As seen in Fig. 2A, the 2 recombinant 
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plasmids are quite dissimilar. Only EcoR I an PstI digestions of the 
tv/o plasmids yielded one connnon fragment each. In both cases the 
coirenon fragment is the TRPl insert and the 1.38 PstI piece is the 
DNA between PstI sites in the TRPl and the amp^ genes. 

5 

The fragments that contained sequences complementary to the 
probe were identified by the method of Southern (42). Fig. 2B shows 
that, except in one case, digestion with all 5 restriction enzymes 
yielded a fragment that specifically hybridized with the probe. No 
10 hybridization was seen with any of the fragments produced by 

restriction of p52 DNA with Hindlll. 

.The. small est. restriction fragments that contained sequences 

complementary to the synthetic probes were the 1.7 kbp EcoR I 

15 fragment from p52 and the 1.8 kbp Hind i 11 fragment from p51. These 

two DNA fragments were isolated from a preparative agarose gel by 
electroelution and separately ligated to appropriately cleaved 
plasroid pBR322 (33) DNA. The ligation mixture was used to transform 
E^. coli 294 and the plasmid DNA from the transfonnants was analyzed 

20 by a quick-screen procedure (20). Two transfonnants, designated p53 

and p56, containing the 1.7 kbp EcoR I and 1.8 kbp Hind i I I fragment 
inserts, respectively, were analyzed as follows: Plasmid DNA was 
prepared from p53 an p56 and digested separately with BamH I^ Clal , 
Pvul , PstI , and Sal I . The resulting DNA fragments were separated on 

25 * 1 percfent agarose gel, transferred to nitrocellulose filter paper 

(42) and^ tested for hybridization with p-labeled probes. The 
analysis of the restriction digests and corresponding hj^idization 

patterns of the p53 DNA, the recombinant plasmid containing the 1.7 
kbp yeast DNA as an EcoR I fragment, showed that the yeast DNA in 

30 this clone contained one Sail and tv/o PstI sites and that the 

sequence complementary to the probes was included within a 0.5 kbp 
Pstl -Sall fragment. The Hindlll fragment of yeast DNA in the clone 
p56 lacked recognition sites for these enzymes, and the linearized 
plasmid, resulting from cleavage at single recognition sites for 

35 these en2ymes in the pBR322 vector, hybridized with the probes. 



855400d22=ASTRA AB 



46-8 4426118=PRV InterPa 



-14- 



28-07-97 08-36 001- 

0123544 



This plasmld was then digested with a ntnber of additional 
restriction endonuci eases and the digests were analyzed by the 
iDethod of Southern as described above. It was found that the 
hybridizing sequences in this plasnid were contained on a 1.3 kbp 
Hindlll-SacI fragment- 

The property of growth inhibition of "a" cells by a-f actor 
was used to test whether or not the pberooone gene contained in the 
cloned 1.7 kbp EcoRI and 1*8 kbp Hi nd lll fragments are functional. 
If an active a-f actor pherooone gene were present in a plasmid, it 
would be expected significantly more pheroroone would be synthesized 
in cells containing the multi-copy plasmid than in cells containing 
only the chromosomal copy (or copies) of the gene. The enhanced 
level of the a-f actor could then be detected by an increase in the 
area of nongrowth in a lawn of responsive 'a' cells. The 1.7 kbp 
fragment, isolated from EcoR I -digested p53 DMA, and the 1.8 kbp 
fragment, isolated from Hindi 1 1 -digested p56 DMA, vrere separately 
ligated to a pBR322-based vector plasmid which contained the yeast 
selectable marker TOPI and the yeast origin of replication from the 
2um yeast plasmid (43). Yeast strain 20B-12 was separately 
transformed with these plasmids and with a control plasmid that 
lacked WJA sequences coding for the a-f actor. The transforroants 
were then compared for pheromone product! <m. The transforroants 
containing WFol or VFaZ coding sequences on plasmids produced 
significantly more o-f actor than the same strain ^transformed with - 
the control plasmid. We concluded that the 1.7 kbp EcoR I (HFal) and 
1.8 Kbp Hir^ II (Wa2) frag^nents contain active a-f actor phercmone 
genes. The result with MFol is consistent with that described by 
Kurjan and Herskowitz (44), as this gene corresponds to the gene 
described by them. 

I. DMA Sequence Determination 

DNA sequence determination was as previously described 
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(45). Briefly, DNA sequences were obtained by the chain termination 
method (47) using recombinant phages M13 mp8 and mp9 (39) as the 
source for single-stranded "template" DNA and a synthetic 
oligonucleotide for priming E. coli DNA polymerase I (large 
fragment, Boehringer Mannheim) in the presence of a- P dCTP (400 
Ci/mmole, Amersham). Reactions were electrophoresed on 5 percent 
polyacrylamide/8M urea "thin" gels (47). Gels were dried onto 3MM 
paper (Whatman) and exposed to X-ray film for 2 to 12 hr. 

The nucleotide sequences of large parts of the 1.7 kbp EcoR I 
fragment and the 1.3 kbp Hi nd lll -Sac I fragment are shown in Fig. 3 
and Fig. 4, respectively. The p53 sequence contains an open reading 
frame coding for a protein of 165 amino acid residues v;hich carries 
4 internal repeat units within its C-terminal half. Each unit 
begins with Lys-Arg and ends with the a-f actor sequence. Within 
each unit the pair of basic residues is separated from the 
o-factorby several Glu (or Asp)-Ala dipeptide repeaits. The 
N-terminal half of the protein starts with a highly hydrophobic 
sequence of 22 amino acids which probably represents a signal 
sequence for secretion. The 61 amino acid residues between this 
hydrophobic sequence and the first repeat unit Include 3 possible 
recognition sites for M-glycosylatlon (indicated by bars in figs. 
3). The organization of the pheromone gene contained in p53 clone 
is identical to the MFa gene recently described by Kurjah and 
Herskowitz (44). This gene differs from V¥ol at.4 positions. It- 
contains T (instead of C) residues at positions -8 and -7, and 125 
and an A (instead of C) residue at position 604. Because of : the 
difference at position 125 there is a TTA (Leu) rather than TCA 
(Ser) codon at amino acid position 42. We have designated the gene 
contained In p53 as KFal. 

A different a-f actor gene, MFa2, is present in the p56 
clone. The organization of this gene (Fig 4) is similar, but not 
Identical, to the MFa 1. The o-factor encoded by this gene is 
35 apparently made as a precursor protein of 120 amino acid residues 
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containing two copies of the pheronone. One of the a-phertMnone 
tridecapeptldes contained In the putative precursor is Identical to 
the pheroiBone copies encoded ty the ¥Fal gene, whereas the second 
copy contains a Gin — >Asn and a Lys — >Arg. 

The organization of these precursors is strikingly similar 
to that of certain roanmalian precursors for neuroendocrine 
peptides. Thus, like the proplwaelanocortin (48, 49), proenkephal 1 n 
(50-52), and prodynorphin (53), the yeast precursors contain 
multiple peptide units destined for secretion. In all these 
precursors the secreted unit is contained on the C-tenninal half of 
the precursor. The K-teminal half of the molecules carry possible 
glycosylation sites. As is the case for the mammalian 
multifunctional precursors, glycosylation may be involved in the 
correct processing of the a-f actor precursor. However, the actual 
processing steps for the yeast precursor seem to be unpredictably 
different from those of mammalian precursor proteins. Whereas the 
pairs of basic residues (Lys-Arg) providing sites for release 
directly flank the secreted peptide in the raararoallan precursors, 
cleavage at these sites in the o-factor precursor would release the 
pherooone units with several additional amino acids at the 
M-tenninus (see figs. 3 and 4). These N-terainus extensions would 
consist of repeating -X-Ala- sequences in the precursors encoded by 
both MFal and HFa2 genes. Recent experiments (54, 55) indicate that 
the last step in the processing of the a-f actor precursors is the - 
removal, of these sequences by dipeptidyl amino peptidases. The bee 
venom melittin (56) and the frog skin caerulein (57) precursors are 
apparently processed by similar mech.anisms. 

J. Construction of a Plasaid for Expression and 
Secretion of Human Interferon 

Although, as discussed above, our DMA sequence data suggest 
that the a-factor is synthesized as precursor proteins of 165 and 
120 amino acids, no such proteins have been described. The 
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processing and secretion mechanism of o-factor is not known. Recent 
studies, however, with altered a-factor indicate that the last step 
In the production of mature a-factor is apparently the removal of 
the glu-ala or asp-ala units before the release of the a-factor 
oligopeptides of 12-13 amino acids having the basic sequence 
H2N-(Trp)-His-Trp-Leu-Gln-Leu-Pro-61y-61n-Pro-Met (or 
MetSO)-Tyr-COOH. 

The preparation of a plasmid to demonstrate the usefulness 
of the a-factor promoter and ttie a-factor presequences for 
expression and secretion of heterologous gene products is outlined 
In Fig. 5. The DNA sequences coding for the o-factor presequences 
for expression and secretion of heterologous gene products Is 
outlined In Fig. 5. The DNA sequences coding for the a-f actor 
peptides were removed from one of the a-factor clones (p53)-such 
that the resulting plasmid, p57, contained the promoter sequences 
and the sequence corresponding to 89 amino acids of the o-factor 
"prepro" protein. This sequence was then joined with human 
Interferon D (IFN-oj) gene to form plasmid p58. The human 
Interferon D gene (58) was modified such that DNA sequences 
corresponding to Leu-Glu-Phe had been added before the Initiating 
methionine codon. After modified Interferon D gene bad been joined 
with the a-factor "prepro" and the promoter sequences, these 
sequences were Isolated and inserted Into a yeast-^. coll shuttle 
plasmid YEp9T (F1g. 6). the plasmid YEp9T had been previously made 
by replacing the EcoR I -Sall fragment In plasmid YEplPT (59) with the 
EcoRI-Sall fragment from pBR322. This iplasmid contains the pBR322 
(33) DNA needed for Its selection and replication In £, col 1 . In 
addition, it contains the yeast TRPl gene on an EcoR I to PstI 
fragment from chromosome IV (34-36) and a yeast origin of 
replication on a PstI to EcoR I fragment from the endogenous 2p 
plasmid DNA. These tv/o DNA fragments from yeast allow for Its 
selection in yeast and for its autonomous replication and 
maintenance as a plasmid. The resulting plasmid, p60, with the 
Indicated orientation of the insert was selected because the 2u 
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origin contains a transcription termination/polyadenylatlon signal 
(37) . The DMA sequence at the junction of the a-factor "prepro" 
sequence and the modified LelFU-D gene present in p60 is shown in 
Fig. 7. The p60 plasmld was Introduced into the yeast strain 20B-12 
5 and the trp* transforaants were grov/n and assayed for interferon 

production. 

K. Interferon Assay of Grovfth Heditm and Cell Extracts 

10 

Individual colonies of the transfonnants were grown at 30 'C 
in 20 ml YMB+CAA to an AggQ of approximately 10. For assay 10 ml 
aliquot was centrifuged at 7K rpm for 10 minutes in a Sorval SM24 
rotor. Various dilutions of supemate (media) were assayed. The 

15 cells were resuspended in 0.5 ml 7M guanidine-HCl containing an 

equal volume of glass beads and vortexed for 2 minutes at high 
speed. Both the cell lysate and the mediun were then diluted into 
PBS/BSA (150 mM NaCl, 20 mM sodium phosphate (pH » 7.9), and 0.5 
percent bovine serum albumin) for bioassay. Extracts of yeast were 

20 assayed for interferon by comparison With interferon standards by 

the cytopathic effect (CPE) inhibition assay (26). Up to one 
hundred million units of interferon per liter of growth medium was 
found- The cell extracts also yielded interferon at the rate of 
100 X 10^ units per liter of culture. 

25 

L. Purification of Interferon from the Medium 

A single colony of yeast strain p60/20B-12 v/as grown at 30*C 
in 500 ml YMB+CAA to an AggQ of 2.4. Five hundred ml of this 

30 culture was diluted to 5L with YKB+CAA to give an AggQ of 0.21; 

the resultant 5L culture was grown at 30*C until AggQ = 70. At 
this time the 5L culture was harvested by centrifugation at 7,000 
rpm for 10 minutes. Ten ml allquots were withdrawn periodically 
during the fermentation to measure optical density, interferon 

35 production and secretion. Before assay, each aliquot was 
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centrtfuged for 5 minutes in a bench-top refrigerated centrifuge to 
separate the cells from the medium. The medium and cells were 
assayed as described above (see Fig. 8). Two different 

fermentations v;ere done. The peak activity of interferon in the 
g o 

media were 3x10 and 2x10^ units per liter, respectively. The 
interferon activity in the cell extracts were 1x10^ and 2x10^ 
units per liter of culture. 

One and a half liters of frozen medium v/ere concentrated and 
dialyzed against 25mM Tris, lOmM EDTA, pH 8.0 in a 2.5 liter Amicon 
stirred cell (Amicon 2000) using a YM-5 ultrafiltration membrane to 
a final volume of 116 ml. A sample of the retentate was sequenced 
directly. Another sample of the retentate v/as acetone precipitated 
and sequenced. 

One ml of the concentrated medium was precipitated v/ith 4 ml 
acetone, spun in a microfuge and washed with acetone. The pellet 
was "resuspended in 0.1 percent TFA and further purified by HPLC on a 
Synchropak RP-P column. The column was eluted with a linear 
gradient of 0 to 100 percent acetonitrile in 0.1 percent TFA in 60 
minutes. A 12 pg sample of purified IFN-oAO was chromatographed as 
a control. The peaks of absorbance at 2jB0 nm were sequenced. 

M. M-terminal Amino Acid Sequence of Interferon -from Growth Med ium 

Sequence analysis was based on the Edman degradation (27). 
Liquid samples were introduced into the cap of a modified Beckman 
8908 spinning cap sequencer. Polybrene™ was used as a carrier in 
the cap (28). Reagents used were Beckman"s sequence grade 0.1 molar 
Quadrol buffer, phenyl -isothiocynate, and heptafluorabutyric acid. 
Norleucine was added during each cycle with the Quadrol buffer to 
serve as an internal standard. The presence of PTH-norleucine in 
each chromatogram aided in the identification of PTH amino acids by 
retention time. The amino acid sequence analysis showed only one 
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species of interferon molecule %rfth the NHg-terainal sequence 
HHg-Glu-Ala-Glu-Ala-Leu-Glu-Phc-Met. The Met results from the 
start codon at the H terminus of the Interferon gene, and thus the 
protein produced contains 7 extra amino acids, three from the 
5 construction. I.e., Leu-Glu-Phe (see figure 7) and 4 from the 

presequence of a-f actor. I.e., Glu-Ala-Glu-Ala. The polypeptide 
containing this 7 amino acid H-terainal extension retains interferon 
activity. 

10 

N. Expression and Secretion of Other Heterologous Gene Products 

In the process of testing the utility of the a-f actor 
promoter and "prepro" -sequence, restriction endonuclease sites were 

15 created at the end of the a-f actor "prepro" -sequence (see Fig. 7) 

such that the prwaoter and the "prepro" -sequence could be isolated 
as a portable restriction fragment. An appropriate plasmid could 
then' be constructed to test the efficacy of this expression and 
secretion systeo for any heterologous gene containing suitable 

20 "sticky" ends. For this purpose an expression plasnid p65, was 

constructed as shown in Fig. 9. This plasmid, like YEp9T, contains 
the origins of replication for E. coll and yeast as well as 
selective markers for selection in each; of these two organisms. It 
also contains a convenient EcoR l site for gene insertion so that ar\y 

25 gene that is contained on an EcoR I fragrcnt where the first codon of 

the gene is imediately preceded ty the EcoR I site could be tested 
for the synthesis and secretion of the corresponding protein. 

The plasBid p65 was partially digested with EcoR I the linear 
30 molecules isolated, and ligated with EcoR I fra^ents containing 

various genes. After transforaation of E. coll, plasmids that 
contained the inserts in the appropriate orientation were selected. 
For expression the frag»ent aaist be inserted at the EcoRI site 
following the pr<»oter with the 5" end of the gene connected to that 
35 site. This orientation creates the junction between the a-factor 
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signal sequence and the heterologous gene as previously shown for 
LeIF-D (see Fig- ?)• 

Table I lists genes that have been thus tested with the 
o- factor prompter and signal sequence. 

TABLE I Expression and Secretion of Other Heterologous Genes 
Using the g-Factor Promoter and Signal Sequence 

Growth Products per Liter 



Gene 


Vessel 


Cellular 


Medium 


Human Interferon y 


'Shake-flask 


i05 units 


trace 


Human Serum Albumin 


Fermentor 


25 mg 


3 mg 


Bovine Interferon cl 


Fementor 


100x10^ U 


200x10^ U 


Bovine Interferon a2 


Fennentor 


400xlo6 U 


60xl06 U 


Tissue Plasminogen Activator Shake-Flask 


20ug 


20ng 


Renni n 


Shake- Flask 


lOOug 


trace 


Human Insulin-Like 








Growth Factor 


Fennentor 


1-5 mg 


3 rog 



The expression of the first 4 genes was achieved by the 
insertion of EcoRI fragments into p65 as described above^ The genes 
were obtained by EcoRl digestion of plasmids containing them as 
described in US 438,128 (GB 2116566, EP 88622) (BoUN); US 297,380 
(GB 2105343, EP 73646) (HSA) ? and US 312,489 (GB 2107718, EP 77670) 
(tIFN) and elseuftiere, e.g. in Interferons edited by Merigan, et 

al. , Academic Press, Inc. (1982), Proceedings of the Symposium on 
"Chemistry and Biology of Interferons: Relationship to 
Therapeutics", held March 8-12, 1582, Squaw Valley, California; 
Lavm, et al . Nucleic Acids Research 9. 6103 (1981); Gray, et al . , 
Nature 295, 503 (1982). 

Because of the placement of the restriction sites in the 
t-PA and renni n genes it was not practical to construct expression 
plasmids directly as above, but a modified approach was taken. The 
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construction of the t-PA expression plasmid fs illustrated In Fig. 
10 using plasmid pt-PAtrpl2 (60) to obtain the t-PA gene by excision 
with Xbal and Bglll, pBI (described in US 438,236 (EP 88632), supra ) 
and YEpl3 (43). The rennin expression plasmid was assembled in 
ganalbgous manner using the rennin gene obtained by Xbal - Bcl I 
excision of pRI (described in US 452,227 1 EP ajpplication 83307841,3). 
These two plasraids contain the LEU2 gene for selection in yeast. 
Therefore an a leu2 yeast strain was used for transfonnation with 
these plasmids. The prorennin expression plasaid pRl was 
^jjConstructed by ir.cubat1ng EcoR7-Pst I cleaved T-Imm plasmid with 5' 
and 3' segments in the presence of T4 ligase. t-IMM fs a pBR 322 
derived plasmid described in U.S. Appln. Serial Mo. 312,489, 
(GB 2107718, EP 77670) and Gray, et al., Scgra . 

The 5' end fragment »as a ligation of a synthetic fragment 

ID 

and a fragment derived fn» clone W^LA, as described below. The 
syntfietic fragment has the structure: 

CHet] CAla] [Glu] [He! [Thr] 
d A A T T C A { G G C A 6 A A A I A A C A A G 

GTACCGTCTTTATTGTTCCTAGd 
reading direction — > 

This sequence contains an EcoRI site at the "upstream end* an 
ATG start codon, followed 6ry sequences coding for the first four 
amino acids in prorennin, and tenni nates in a BamHl site. 

25 

The cloned fragment to which this synthetic fragment is 11 gated 
in order to form the 5' end of the gene comprises a Xraa-BamHI 
fragment of approximately 440 base pairs derived from the 5' end of 
the gene. 

The appropriate 440 bp fragment was obtained from cDHA derived 
from unfractionated mRHA, using as primer, dGATCCGTCGAATTCGG, i.e., 
the "primer probe**. The cDMA formed using this primer was size 
fractionated as set forth above and fragments having more than 1,000 

w3 



30 
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base pairs inserted into the PstI site of pBR322 for cloning. The 
resulting clones were selected using both Tth probe and the 
primer/probe as probes. Only colonies hybridizing with Both were 
selected. From 1,280 transformed colonies, about 300 colonies were 
sbbtained which showed hybridization with both probes. These were 
examined for presence of the 5' portion of the prorennin sequence as 
follows: 

The results of a series of double digestions using Ava I-Pvu I, 
^oAval-BaniHI, BgllBamHI, and Bgll-EcoRI were analyzed. Advantage was 
thus taken of the Jcnown Pvu I and Bgl I sites, each 125 base pairs 
either side of the pBR322 Pst site utilized for insertion of the 
cDNA sequence. These digestions provide suitable fragments for 
analysis. 

15 

The desired clone. PFLA, was selected by analysis of acrylamide 
gel electrophoresis performed on the above double digests of mini 
preps prepared from the identified clones. Plasraids were then 
isolated from PFLA clone, double digested with BamH I and Xmal, and 
2othe 440 bp fragment recovered by gel electrophoresis. 

The "complete" 5' end was then created by a standard ligation 
reaction utilizing the synthetic fragment and the PFLA clone 
BamHI-Xraal fragment with T4 ligase followed by cleavage with Xmal 
25dnd EcoRI. The resulting ligated sequences were purified on 
acrylamide gel electrophoresis selecting for the appropriate 455 
base pair fragment. 

The 3' end fragment was prepared in an mariner analogous to that 
3QUsed to prepare the PFLA clone. cDNA containing >1000 bp fonned 
from unf ractiona ted messenger RNA using oligo-dT as primer, was 
cloned as above, and colonies selected with Tth probe. Approximately 
50 colonies resulted. The desired clone was selected by analyzing 
the results of gel electrophoresis fonned on plasmid mini preps which 
35^ere double digested with BaraHI/Ogl I, PvuI/BamHI, EcoRl/Bgll. and 
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PvuI/EcoR I again taking advantage of the Pvul and Bgll sites 
flanking the Ps tl insert site. The plasaids fron the desired colony 
were isolated then cleaved with Xaa I and Pst I and electophoresed 
to isolate the 800 bp sequence of the "3 - 375" fragment. The 
5 "3-375" fragment extends froa the Xaa site congruent with that froa 
the PFLA fragment, past the end of the gene to the Pst I insertion 
site. 

The transfonnants carrying various expression plasaids were 
logrown in appropriate Mdia. The cultures were fractionated into 
supernatants and cells. The supernatants (media) and cell extracts 
were assayed for the expression and secretion of various gene 
products. The bovine interferon activity was assayed by comparison 
with interferon standards by cytopathic effects. The amounts of 
15 other prodiKts in the aediua and cell extracts were determined by 
radioimmunoassays. The values listed in the table are the peak 
activities. He have deterained that both cellular and secreted t-PA 
molecules possess biological activity. 

20 

0. Characterization of Secreted Bovine Interferon 

The bovine interferon-oj secreted into culture medium has been 
purified and characterized as described below. 

25 

7 liters of culture medium was adjusted to pH 8.02 with sodiim 
hydroxide. This solution was then loanted onto a 2.5 x 18 cm Nogel 
ACA column pre-equil ibrated with SOnM tris, pH 8.0. After loading, 
the column was washed with 50a9t Trts, 1 percent (w/v) PEG 8000, pH 

308-0 until was approximately zero. The column was then eluted 

with lOOmM aiBsonium acetate, 2 percent (w/v) PEG 8000, pH 5.0 
followed by 2Qbi« glycine, 2.5 percent (w/v) PEG 8000, pH 2.0. The 
majority of the interferon activity eluted in a single peak during 
the pH 5.0 elution. The pooled material from the Nugel column (88 

35iuL. 150H units) was loaded onto a 2.5 x 5.0 ca SE-53 column 
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pre-equilibrated with 25raM ammonium acetate, pH 5.0. The interferon 
activity eluted in a single peak during the sodium chloride 
elution. This pool contained 14mg protein, 106M units in 11 mL. 
The purity of this material as judged by SDS PAGE was approximately 
5 80-90 percent. 

Ten ml of the SE-53 pool was applied to a 2.5 x 18 cm Sephacryl 
S-300 column equilibrated in ZStiiA sodium phosphate. pH 6.0. The 
column was eluted with this buffer and the interferon activity 
10 eluted in a single peak. This final pool contains 8 mg protein, 113 

M units in 17 mL. 

N-tenninal sequence analysis of the protein present in the SE-53 
pool indicates that the bovine 1nterfeh)n secreted by yeast has been 
15 processed at three distinct sites- The three sites of processing 

and the relative amounts of each are as follows: 

-8-6 -3 +1 

. . .lys-arg-gl u-al a-gl u-al a-leu-gl u-phe-met-cys-his-leu-pro-hi s. . . 
63 pet. 13 pet. 24 pet. 



20 



25 



30 



As Shown above, met immediately precedes the N-tenninus of the 
bovine interferon; the short peptide extensions do not result in 
loss of interferon activity. 



Production and Secretion of Mature Heterologous Protei 



ns 



35 



In both cases (human IFN-o^. and bovine IFN-a^ ) where the 
N-tenninal amino acid sequence of the secreted polypeptides was 
detennined, the proteins contained extensions of 2 to 7 amino acids 
in addition to the initiating methionine. Although these 
polypeptides have biological activity, it would be preferable to 
produce and secrete into the growth medium proteins that are 
identical to the proteins from the natural sources. 
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In order to produce the interferon molecule that contains 
cysteine as the H-terainal asrino acid (as is the case with the 
natural IFN-aj^) we needed to TOdify the junction between the 
factor "pre-pro" sequence and the IFN-o^ gene such that the 
5 removal of the 8X)dified "pre-pro" sequence will result in release of 

a mature interferon laolecule containing the natural N-terminus. An 
outline of the procedure to obtain such a junction is shown in 
Figure. 11. A DMA fragment containing the MFol promoter and 
"pre-pro* sequence and the modified IFM-a^ gene was isolated and 
cloned into tte EcoR I site of M13 mp8 (61). Single-stranded DMA 
template was prepared from the recombinant phaje containing the 
insert in the appropriate orientation. This ten^jlate was annealed 
with a phosphorylated oligonucleotide. The synthetic 
oligonucleotide is 24 bases long and is coopleoentary to 12 bases 
coding for leu-asp-lys-arg near the C-tenninus of the "pre-pro" 
sequence and to 12 bases coding for cys-asp-leu-pro, the first 4 
amino acids of natural IFM-a|. This primer-traqplated intenaediate 
was subjected to extension and ligation reaction at 23*0 for 2 hours 
/ in the presence of 500 inMdATP. 100 oMdTTP, 100 BWdGTP. 100 raHdCTP, 

20 20 mMdATP. 3 units DMA polymerase (Klenow), and 400 units t4 DMA 

ligase in 10 bH THs pH7.4, SO M MaCl and 10 dM Mg 504. Then 
additional 3 units of DMA polymerase (Klenow) and 400 units of T4 ; 
DMA. lipase was added and mixture incubated for 2 hours at 23*C | 
followed by incubation at 14'C for 15 hours. This mixture was used 

25 to transform £. coli JMlOl (62). The phage plaques were screened . 

for hybridization with the^^P-labeled oligonucleotide. Terq)lated 
CNA from 2 positive reccnbinant phages was pr e pared and sequenced 
using a primer complementary to IFn-a^ DHA. Double stranded DHA 
from one recombinant phage that contained the desired deletion 

30 (deletion of 24 nucleotides shown as a loop in Fig. 11) was 

prepared. The EcoR I fragment containing the modified junction » 
between the "pro-pro" sequence and the IFM-a^ gene was isolated / 
and ligated to EcoR I cleaved YEP9T. After transformation of E^. col i 
with the mixture a plasmid (p76l with correct orientation of the ■ 

35 insert was chosen for further study. / 



t 
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p76 DMA was prepared from E. coli and used to transform 20D-12 
strain (ATCC 20626) of yeast. Ten Hter culture of one transfonnant 
was grown and the culture medium was cen trifuged to separate the 
medium from the cells. 

5 

500 ml of yeast medium was dialyzed into 25 nM Tris. pHS.O. 10 
mM EOTA. The dialyzed media was then run through an iramuno affinity 
column containing monocloried antibody to nature (LeIFA). After 
washing with 24 mM TRIS pHB.O, 10 mM EOTA, the Intrferon activity 

^jjwas eluted with 0.2H acetic acid. The majority of interferon 
activity was found in Fraction No. 45. 200 ul of this fraction was 
subjected to N-terminal amino acid sequence analysis as described 
before. The major sequence found was that of natural interferon D. 
The first 8U-tenninal amino acids of the protein were: 

^gCys-asp-1 eu-pro-gl u-thr-hi s-ser. 

Additional Explanatory Notes re Figures 

Figure 2 
20 

Localization of homology between the o-f actor probes and the DNA 
fragments from p51 (a) and p52 (b) recombinant plasmids. The two 
plasraids were digested with different restriction endoriucleases and 
then electrophoresed oh a one percent agarose gel. The DNA 

25fragments were transferred to nitrocellulose paper and hybridized to 
P-labeled probes. Panel A: Ethidium bromide stained gel. 
Panel 8: Southern blot. Lanes: 1, EcoRI; 2, Sail; 3, Hindlll; 4, 
SamHI; 5, Psti. The arrows indicate the ti*o DNA fragments that were 
subcloned. The -size standards were derived from lambda, YRp7. or 

2j^BR322 OrJA. 



Figures 3 

35 Nucleotide sequence of MFa^ gene and its nontranslated 5' and 
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3' flanking regions. The predicted amino acids sequence of the 
pheromone precursor is also shown. The numbers above and below the 
sequence denote the positions of amino acids and nucleotides, 
respectively. The four copies of the o-f actor sequences are 
included In the boxed areas. The asterisks indicate differences in 
the nucleotide sequence in one or more copies of the a-factor coding 
regions. Three potential M-glycosylation recognition sites are 
indicated by bars. This gene corresponds to the gene reported -by 
Kurjan, et al. (44). 



Ficure 4 



Nucleotide sequence of |Fo2 gene and its nontransl ated 5' and 3' 
15 flanking regions. The underlined amino acids Indicate differences 

between the two pheromone copies encoded fcy the VFpZ gene. See 
Fig. 3 for other details. 



20 



Fiaure 5 



Joining of the IFH-cj gene with the o-f actor promoter and the 
a- factor presec^ience. Since, as shown in Fig. 3, the 1.8 kbp EcoRI 
fragment contained the promoter, the entire DMA sequence 5' to the 
sequences coding for the mature o-f actor was joined to the modified 
25 IFH-oj gene such that the o-factor presequence and the IFN-oj 

protein would be synthesized as a single precursor protein using the 
o-factor promoter. 



30 Figure 7 

The protein and OKA sequence at the Junction of a-factor 
"prepro" and the modified IFN-o^ genes. The Xbal and EcoR I sites 
at the junction are indicated. 

35 
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Figure 8 



Cellular and medium IFN-a^ levels during fermentation. At 
various time intervals 10 ml culture was removed from the fennentor. 
centrifuged to separate the cells and medium. Cell extracts were 
prepared as described above. Interferon levels in the medium and 
the extracts were determined. 



10 Figure 9 

Construction of a yeast/E. coli shuttle vector plasmid for the 
expression of heterologous genes using the o-factor promoter and 
signal sequences. The 1.12 kbp EcoRI fragment containing the 
15 promoter and signal sequence was isolated from p53 and was inserted 
into the EcoRI site of YEpyT. 



• Figure 10 

20 

Assembly of plasmid p68 for expression and secretion of ti 
plasminogen activator. 



25 Figure 11 



Scheme for iji vitro deletion mutagenesis. The 24 nucleotides 
that were deleted at the junction of MF21 "pre-pro" sequence and the 
modified IFN-al gene are shown as a loop in the figure. 

30 



Figure 12 

Comparison of amino acid sequences of the putative a-f actor 
precursors encoded by rtFal and MFo2 genes. Various gaps were 
created to align the sequences with inaxinum homology. 
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Clalms: 

1. A process for obtaining a protein heterologous to yeast 
as a product of yeast expression, which comprises: 

transforming a yeast organism i*ith a yeast expression 
vehicle comprising the DNA sequence of the promoter for yeast alpha 
factor operably connected to a DNA sequence encoding a protein . 
heterologous to the yeast organism; 

culturing the transformed organism; and* 
recovering the protein from the culture. 

2. A process for obtaining a protein heterologous to yeast 
15 as a product of yeast expression, which process comprises: 

transforming a yeast organism with an expression vehicle 
comprising the DMA sequence encoding substantially the pre-pro 
. peptide of yeast alpha factor operably connected in translation 
20 reading frame to a DNA sequence encoding a mature protein 

heterologous to the yeast organism; 

culturing the transformed organism; and 
recovering the protein from the culture. 



10 



3. A process for obtaining a protein heterologous to yeast 
as a product of yeast esqpression, processing and secretion. Which 
process comprises: 

30 transforming a yeast organism with an expression vehicle 

comprising the DNA sequence of the promoter operably linked to 
substantially the pre-pro peptide sequence of the yeast alpha factor 



35 



0384L 



46-855400322=ASTRA AB 



46-8 4426118=PRV InterPa 28-07-97 08-36 

0123544 



-34- 

gene which Is operably connected in translation reading frame to a 
DMA sequence encoding a mature protein heterologous to the yeast 
organism; 

culturing the transforaed yeast organism; and 
recovering protein from its supporting medium. 

4. A process for secreting a protein heterologous to yeast 
into the supporting medium, which process comprises: 

transforming a yeast organism with an expression vehicle 
comprising the DMA secpience encoding substantially the p re-pro 
peptide of yeast alpha factor, operably connected in translation 
reading frame to a DKA sequence encoding a mature protein 
heterologous to the yeast organism; and 

culturing the transfonned organism. 

5. A process of Claim 4 wherein said DKA sequences are 
under the control of alpha factor promoter. 

6. A yeast expression vehicle comprising the DNA sequence 
of the' promoter of the yeast alpha factor gene operably connected to 
a DNA sequence encoding a protein heterologous to the yeast organism. 

7. An expression vehicle of Claim 6 which also includes 
the DMA sequence encoding substantially the pre-pro p^»tide of yeast 

alpha factor operably linked In translation reading frame upstream 
to the DMA sequence encoding a mature protein heterologous to the 
yeast organism. 
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8. A yeast expression vehicle comprising the DMA sequence 
encoding substantially the pre-pro peptide of yeast alpha factor 
gene operably connected in translation reading frame to a DMA 
sequence encoding a mature protein heterologous to the yeast 
5 organism. 

9- ^ expression vehicle of Claims 6 to 8 v*ierein the 
DNA encoding heterologous protein s.a.g. encodes for a protein 
selected from the group consisting of human interferon, bovine * 
10 interferon, tissue plasminogen activator, and rennin. 

10. An expression vehicle of Claims 6 to 8 yaherein 
the DNA encoding heterologous protein encodes for insulin-like 
growth factor. 

15 

11. A yeast organism transformed with an expression 
vehicle of any one of Claims 6 to 10. 

12. A yeast organism capalble of producing mature 

20 heterologous protein in the suK)ortive nedium, as a product of 

expression with a N-terminus pre-seguence derived from yeast 
alpha factor DNA, processing of said pre-sequence and secretion 
of the mature protein into the nedium. 

25 13, Die organism of Claim 12 \*ieiein the mature 

heterologous protein is human insulin-like growth factor. 
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Carboxy terminus 
of ff-factor: 



Possible codons 
and their usage 



Fig.1. 



Gly -- Gltt — Pro — Met — Tyr OOOH 

GGU (90) CAA (20) CCA (32) AD6 (20) UAC (33) 

GCC (3) CAC (0) ceo (3) UAU (0) 

GCA (0) CCC (1) 

GGG (0) CC6 (0) 



Consensus 
oligonucleotides : 



5 • -GG JcAACC^TGTAC 



Synthesized 
oligonucleotide 
pools complement 
tary to above: 



I . 5 ' -GTACATTGCTTctcC 

G 



II. 5'-ClACATAGGTTG^C 



Fig. 7 



ALPHA-FACTOR "PRE-PRO" SEQUENCE 
...LYS ARG GLtJ ALA GLU ALA 
...AAA AGA GAG GCT GAA GCT 
• . .TTT TCT CTC CGA CTT G6A 



Xbal 



MODIFIED IFN-ALFHAi GESE 
LEU GLU PHE MET. . . 
CTA GAA TTC ATG. . . 



GAT 



CTT AAG 



J 



lAC. .. 



EcoRI 
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Fig.3. 



CGACAGTAAATmfiCCGWVmAATAGCnCTACTGAAAAACAGTGGACCATGTGAAA^ 

-280 -2?0 -2T0 -270 

ACACATAATATTCAAGTGAGCCnACnCAATTGTAnGAAGTGCAAGAAAACCAAAAAG 

-»0 -llD -ITO -170 

AGTACATATATAAGAGGGCCTTnGTTCCCATCAAAAATGnACTGnmACGATTCAm 

-170 -100 ^ -50 

1 

¥^t Arg Phe Pro Ser He 

CAAACAAGAAGAmCAAACTATCAATTTCATACACAATATAAACGATTAAAAGA AT6 AGA HT CCT TCA ATT 
Jb ^0 1 

20 mmmam^m 

Phe Thr Ala Val Leu Phe Ala Ala Ser Ser Ala Leu Ala Ala Pro Val Asn Thr Thr Thr 
TTT ACT GCA GTT TTA TTC 6CA 6CA TCC TCC GCA TTA GCT GCT CCA GTC AAC ACT ACA ACA 
20 ' 40 60 

40 

Glu Asp Glu Thr Ala Gin lie Pro Ala Glu Ala Val He Gly Tyr Leu Asp Leu Glu Gly 
GAA GAT GAA ACG GCA CAA ATT CCG GCT 6AA Ga GTC ATC 66T TAC TTA GAT TTA GAA GG6 
80 ' 100 120 

■MMM 60 

Asp Phe Asp Val Ala Val Leu Pro Phe Ser Asn Ser Thr Asn Asn Gly Leu Leu Phe lie 
GAT TTC GAT GTT GCT GTT TT6 CCA TTT TCC AAC AGC ACA AAT AAC GGG TTA TT6 TTT ATA 
140 160 180 



80 

Asn Thr Thr He Ala Ser lie Ala Ala Lys Glu Glu Gly Val Ser Leu Asp Lys Arg Glu 
AAT ACT ACT ATT GCC AGC AH GCT GCT AAA GAA GAA GGG 6TA TCT TTG GAT AAA AGA GAG 
200 220 240 



Ala Glu Ala 
GCT GAA GCT 

260 



100 

Trp His Trp Leu Gin Leu Lys Pro Gly Gin Pro Het Tyr 
TGG CAT TGG TTG CAA CTA AAA CCT 6GC CAA CCA ATG TAC 
* * * * * 



280 



300 



Lys Arg Glu Ala 
AAG AGA GAA GCC 



Glu Ala Glu Ala 
GAA GCT GAA GCT 

320 



120 

Trp His Trp Leu Gin Leu Lys Pro Gly Gin Pro ftet Tyr 
TGG CAT TGG CTG CAA CTA AAG CCT G6C CAA CCA ATG TAC 
♦ ★ * * * 



340 



Lys Arg Glu 
AAA AGA GAA 



360 



Ala Asp Ala Glu Ala 
GCC GAC GCT GAA GCT 

380 



140 

Trp His Trp Leu Gin Leu Lys Pro Gly Gin Pro ftet Tyr, 
TGG CAT TGG CTG CAA CTA AAG CCT G6C CAA CCA ATG TAC 
***** 



400 



420 



Lys Arg 
AAA AGA 



Glu Ala Asp Ala Glu Ala 
GAA GCC GAC GCT GAA GCT 

440 



160 165 
Trp His Trp Leu Gin Leu Lys Pro Gly Gin Pro Het Tyr 
TGS CAT TGG TTG CAG TTA AAA CCC GGC CAA CCA ATG TAC 
* * * * * 



460 



End 
TAA 



480 



aCCGACTGATAACAACAGTGTAGATGTAACAAAGTCGACTTTGTTCCCACTCTACTTTTAGCTCGTACAAAATACAAT 
SffO S2d SR) SfO 

ATACTTnCATHCTCCGTAAACAACATGTTTTCCCATGTAATATCCTTTTCTATTTTTGGTTCCGn^^ 
SBD 600 670 6T0 

ACATACTTTATATAGCTATTCACnCTATACACTAAAAAACTAAGACAATTTTAATTTTGCTGCCTGCCATATnCAAT 
66t) 6B0 7rro 770 

nGTTATAAATTCCTATAATTTATCCTATTACTAGCTAAAAAAAGATGAATGTGAATCGAATCCTAAB^^ 
770 7^0 7B6 8lf0 
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ncnCAnGGTACATCAATGCCAGCAACGATGTGCGCATCTGGGCGACGCCTGTAGTGATTGTTTTCAAGGTATCGAG 
-aid -2lO -2?(D -2T0 

CCAAACTATTCATCGTTACTGTTTCAAATATTCAGTTGTTTCAGTACAGAGTCGCC6TGGACCTAGTGAAACTTGGTGT 
-2S) -2!?0 -1^0 -170 

CTTTACAGCGCAGAGACGAGGGCmTATGTATAAAAGCTGTCCTTGATTCTGGTGTAGTTTGAGGTGTCCTTCCTATA 
-ITO -170 -IHO -50 

TCTGTimATATTCTATATAATGGATAAmCTACCATWCCTGCATCAAAmCAGTAAATTCACATATTGGAGAAA 
_5i0 -40 -70 

1 10 20 

Met Lys Phe He Ser Thr Phe Leu Thr Phe He Leu A1a Ala Val Ser Val Thr Ala Ser 
ATG AAA TTC ATT TCT ACC TTT CTC ACT TTT ATT TTA 6CG GCC GTT TCT GTC ACT GCT AGT 
1 20 40 ^0 

30 40 
Ser Asp Glu Asp lie A1^ Gin Val Pro Ala Glu Ala He lie Gly Tyr Leu Asp Phe Gly 
TCC GAT GAA GAT ATC GQ CAG GTG CCA GCC GAG GCC ATT ATT GGA TAC TTG GAT TTC GGA 

80 100 120 

50 mm^mmam 60 

Gly Asp His Asp He Ala Phe Leu Pro Phe Ser Asn Ala Thr Ala Ser Gly Leu Leu Phe 
GGT GAT CAT GAC ATA GCT TH TTA CCA TTC AGT AAC GCT ACC GCC AGT 66G CTA TTG TTT 

140 160 180 

^mmmmmm 70 wmmmmmm. 80 

lie Asn Thr Thr He Ala Glu Ala Ala Glu Lys Glu Gin Asn Thr Thr Leu Ala Lys Arg 
ATC AAC ACC ACT ATT GCT GAG GCG GCT GAA AAA GAG CAA AAC ACC ACT TTG 6CG AAA AGA 

200 220 240 



Glu Ala Val Ala Asp Ala 
GAG GCT GTT GCC GAC GCT 



90 

Trp His Trp Leu Asn Leu Arg Pro Gly Gin Pro Met Tyr 
TGG CAC TGG TTA AAT TTG AGA CCA GGC CAA CCA ATG TAC 
* * * 



100 

Lys 

AAG 



260 



280 



300 



Arg Glu Ala Asn Ala Asp Ala 
AGA GAG GCC AAC GCT GAT GCT 



320 



110 ' 120 
Trp His Trp Leu Gin Leu Lys Pro Gly Gin Pro Met Tyr 
TGG CAC TGG TTG aC PS^ CCA GGC CAA CCA ATG TAC 



340 



360 



End 

TGA AAAATGACCCTAAACTACnCTAAACCCTCTCGATTTCTnCACGTTCATACAACACCTAGTTTTATnATTTTC 
370 470 4?0 

TTrTCAATCTGAGTAGTTGAGnnCGATCACTCACATAGAACTATTTTnGCCATrTAAATAAAGTATTCTCTCAAAT 
4^ 470 470 570 

GATGCGATACTATAATACTCTTTGCCATATAnACAnCATTCATAAATAGGCTATGTTTCTATATCCGTTTCCGATTC 
5?0 570 570 570 



TGTaGCAAGCAAGGTTCCCTATCATTACCGGATTGTTCACTATGGTTGGAGCTC 
670 6?0 670 
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Fig.9. 



£coRI 



EcoR\ 

Isolate 1 240 bp 
fragmeni 

EcoRl 



-foctor promoter ond 



EcoRl 



EcoR\ 




EcoRl digested YEpT9 



T4 DNA Ligase 



Yeost 2ff origin Cmm 
of replication 



Yeost TRP 
gene 




<x-factor promoter and 
signal sequence 



EcoRl 



46-855400322=ASTRA AB 



46-8 4426118=PRV InterPa 28-07-97 08-36 001-065 



0123544 



lo/fi 




BamWX 



Parfiol EcoRI 
digestion 

Isolate ISOObp ' 
fragment 



MFtLl promoter 
and 

"pre-pro" saquonce 



modified 
IFN-al 
gene 



A A 
T ^ 



®Ag gT^ 

— TCTTTG6ATAAAA6A T6T6ATCTCCCT6AG — 
3'HO-AACCTATTTTCTACACTAGAGGGA-p 5" 



I 1230bp 

Ecom 



STObp I 




Ugote to fb^RI-cut MI3n)pB ds DNA 

Transform E.co/i 

Determine orientation of insert in 
recombinont phage (white plaques) 

Prepare slngle-stronded template DNA 
from phage 

Anneal with synthetic oligonucleotide 



Fig.11. 



Screen plaques with '^P- labeled 
mutagenic oligonucleotide 
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PRODUCTION OF MATURE PRQTglNS 
IN TRANSFORMED YEAST 

BACKGROUND OP THE INVENTION 
1. Field of the Invention. 
S This invention relates to a method for 

producing a matxire protein in transfonned yeast 
and further relates to Saccharomyces cerevisiae 
transformed by a plasmid containing a 
preproparathyroid hormone cDNA insert* 

10 2. Description of the Prior Art. 

Recombinant DNA technology now makes it 
possible to isolate specific genes or portions 
thereof from higher organisms, such as man and 
other animals, and to transfer the genes or fragments 

15 to a microorganism species / such as E^ cbli or 
yeast. The transferred gene is replicated and 
propagated as the transformed microorganism may 
become endowed with the capacity to make whatever 
protein the gene or fragment encodes, whether it 

20 be an enzyme, a faormone> an emtigen or an antibody/ 
or a portion thereof. The microorganism passes 
on this capability to its progeny, so that in 
effect, the transfer results in a new strain, 
having the described capability. 

25 Recombinant DNA conventionally utilizes 

transfer vectors. A transfer vector is a DNA 
molecule which contains genetic information 
which insiires its own replication when transferred 
to a host microorganism strain. Plasmids are an 

30 example of a transfer vector commonly used in 

genetics. Although plasmids have been used as the 
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transfer vectors for the work described herein, 
it will be understood that other types of transfer 
vectors may be esQployed« Plasmid is the term 
applied to any autonomously replicating DNA unit 
5 \^ch might be found in a microbial cell, other 
than the genome of the host cell itself, A 
plasmid is not usually genetically linked to the 
chromosome of the host cell. Plasmid DNA exists 
as doublestranded ring structures generally on 
10 the order of a few million daltons molecular 

weight, although some are greater than 10^ daltons 
in molecular weight. They usually represent only 
a small percent of the total DNA of the cell. 
Transfer vector DKA is usoially separable from host 
15 cell DMA by virtue of the great difference in size 
between them. Transfer vectors carry genetic 
information enabling them to replicate within 
the host cell, 

Plasmid DNA exists as a closed ring. 
20 However, by appropriate techniques, the ring may 

be opened, a fragment of heterologovis DNA inserted, 
and the ring reclosed, forming an enlarged molecule 
containing the inserted DNA segment. 

Transfer is accostplished by a process Icnown 
25 as transformation. During transformation, host 
cells mixed with plasmid DNA incorporate entire 
pl^mid molecules into the cells. Once a 
cell has incorporated a plasmid, the latter is 
replicated within the cell and the plasxoid replicas 
30 are distributed to the progeny cells when the cell 
divides. 

Genetic information contained in the 
nucleotide sequence of the plasmid DNA, including 
heterologous DNA inserted into the plasmid, can 
35 in principle be esqpfessed in the host cell. The 
inserted heterologous DNA typically representing 
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a single gener is eacpressed when the protein 
product coded by the gene is synthesized hy 
organism. 

once a gene has been isolated, ptarified 
and inserted into a plasmid or other vector, the 
5 availability of the gene in siabstantial quantity 
is assured. After transfer of the vector into a 
suiteible microorganism, the gene replicates as 
the microorganism proliferates. The vector 
containing the gene is easily purified from 

10 cultures of the host microorganism by known tech- 
niques and separable from the vector by restriction, 
endonuclease cleavage followed by gel electrophoresis. 
The protein product expressed by the heterologous 
gene can also be recovered in substantiaa quantities 

15 from cultures of the host microorganism by harvesting 
the culture and retrieving the protein product 
contadjied in the harvested cells. (For futher 
detail of recombinant DMA technology, and an explicit 
eaeposition of the utility of producing proteins 

20 such as hormones, etc., by recombinant DNA technology, 
see D.S. Patent No. 4,237,224, issued December 2, 1980 
to Cohen et al., and U.S. Patent No. 4,322,499, 
issued March 30, 1982 to Baxter et al. Patents 
and articles cited herein are incorporated by 

25 reference wherever such citations occur and shall 
be considered incorporated in their entirety as if 
set forth in full) '. . 

Recombinant DNA thus holds great promise 
for economically producing substantial quantities 

3a of useful proteins that are difficult or costly to 
isolate in such quantitites from mammalian tissue. 
A major and nearly universal problem in producing 
useful proteins, however, is the construction of 
the actual genetic material to be inserted into the 

35 transfer vector. 
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Conventional means provide for enzyma^cally 
preparing desired genetic material by reverse 
transcription. Mature messenger BNA (mBHA.) , which 
Is chemically similar to DNA and retains most of 
5 the Information coded In DNA, can be extracted 
from tissue In which the desired gene Is active. 
mBHA la separated from other BHA material In the 
tissue and complementary DNA (cDNA) Is produced 
by the enzyme reverse transcriptase/ and at times 

10 polymerase 1 for the synthesis of the second strand* 
This cDNA, a complementary copy of mBNA and ^ 
similarly containing the Information coded In 
RKA, Is often further altered In known ways to 
be suitable for Insertion Into a plasmld vector. 

15 (See W. Mahoney & S. Henlkoff, Univ. of Washington 
Medicine ^ Vol. 8, No. 4, pp. 6-14 (Winter, 1981)). 

cDNA enzymatlcally prepared by reverse 
trams crip tlon lias the potential to express a 
prot e i n chain Identical to the protein expressed 

20 , by tissue from which the mBNA was extracted^ This 

alone Is not sufficient, however, for the expression 
of desired mature animal proteins because many 
animal proteins, represented by such diverse 
classes as hormones, binding proteins, enzymes, 

25 antibodies, and collagen, are produced In nature 
in the form of larger precursors that are 
subsequently modified by cleavage to smaller 
bioactive forms connonly designated mature 
proteins. Thus, expression of cONA synthesized 

30 by reverse transcription only has the potential 
to express the precursor of the mature protein 
product. 

It has been known for several years that 
bacteria such as E.^ coll can remove the "pre" 
35 portion of its own secreated proteins. Exasples 
include the processing of pre-rlbose binding 
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protein, pre-galactose binding protein and 
pre^arabinose binding protein* (L. Randall, et al», 
Btir, J. Biochem. . Vol. 92,. pp- 411-415 (1978); 
L, Randall, S. Hardy, and L. Josef 3Son, Protf / Hatl> 
5 Acad, Sci/ USA , Vol* 75, pp. 1209-1212 (1978)). 

S. Chan/ et al*, Proc. Natl. Acad, Sci, USA, 
Vol. 78, pp. 5401-5405 (1981) hae exploited the 
ability of coli to remove the '•pre* sequence. 
Chan, et al., modified cDNA for human preproinsulin 

10 to encode a hydrid "pre" sequence containing 

portions of coli and mammalian "pre" sequence. 
E. coli expressed the hydrid protein and correctly 
removed the "pre" sequence by intra-cellular 
processing. Thus, Chan, et al./ was able to modify 

15 human preproinsulin cDNA in a way that would allow 
B. coli to produce proinsulin. 

It is also known that yeast shares the 
ability to remove "pre" sequences from its own 
pre-proteins. Furthermore, when an coli 

20 preprotein was genetically engineered into yeast, 
pre— B— lactamase was processed to B**lactamase . 
(Roggenkamp, et al., Proc. Natl. Acad, Sci. 
USA , Vol. 78/ Mo. 7, pp. 4466-4470 (1981)). 

The above type of processing of preproteins, 

25 however/ will not process to mature proteins 
many of the mammalian hormone precursors and 
many of the other interesting mammalian protein 
precursors in B^ coli . These latter hormone and 
protein precursors contain a "pro" portion which 

30 is not processed by the enzymatic mechanism 

responsible for processing the "pre" portion of 
preproteins. As shown above, for exan^le, the 
natural precursor for insulin, i.e. preproinsulin 
is processed in E^ coli to form proinsulin. 

35 Many investigators have been unable to 

es^ress pre-proteins in yeast or E^ coli , let 
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alone get processing. E^ensive and tine consuming/ 
investigative efforts have focused almost 
exclusively on genetically eliminating the 
*pre* sequences and the "pro" sequences In 
5 attenqpting to express mature proteins without 
intermediates • 

In several prior art approaches, the need 
for processing precursor proteins has been over- 

Insulin is the result of natural processing 

10 in humam tissue involving cleaving two peptide 

chains, A and B, from the single large precursor 
preproinsulin and assembling the A and B c h a in s 
to form the mature hormone insulin. The A and 
B chains are located within proinsulin and hence 

15 coli which processes preproinsulin to proinsul in 

does not produce the mature hormone insulin. An 
approach to obtaining mature insulin using 
E. coli= .es^lpys chemically synthesized genes 
coiopatible with coli . 

20 . A double*stranded synthetic DNA-coding 

secpaence for the insulin A chain was synthesized 
chemically from fundamental nucleotide units to 
yield the correct coding sequence. An extra 
amino acid (methionine) was added at one end. 

25 This end was fused to the bacteri2d. gene for the 

enzyme B-^galactosidase which results in accumulations 
of fused B--galacto8ida ae-insul in-A-cha i n protein. 
This same proced\ire was repeated for the B-chain 
which resulted in the production of fused B^gsJ^actosi- 

30 dase^insulin-B-chaln protein. 

The fused proteins axB insoluble in water 
and readily isolated from broken cells. The A and 
B chains of insulin are released from B-galactosidase 
at the extra methionine by cyanogen bromide cleavage 

35 and subsequently mixed together under conditiozis 
that allow formation of disulfide bonds between A 



f OMH > 



46-855400322=ASTRA AB 

TVU B4/U117i> 



46-8 4426118=PRV InterPa 25-07-97 13-04 001-010 



-7- 

and B chains, yielding mature insulin. (W. Miller, 
J. of Pedia-tricB , Vol. 99, j»p.: 1-15 (1981); 
D. Goeddel, et al., Proc. Natl. ' Acad. Sci. OSA, Vol 76, 
pp. 106-110 (1979)). 
5 The above prior art approach overconea the 

need for processing a precursor protein, but in 
turn recpaires processing of the fused B- 
galactosidase-insulin-A-chain and B-galactosidase- 
insulin-B-chain proteins to mature insulin. 

10 Moreover, chemical synthesis of the DNA coding 
sequences for A-chain* and B-chain involves 
siabstantial costs, even when considering that 
the B-galactosidase-insulin-A-chain gene and 
B-galactosidase-insulin-B-chain gene after being 

15 synthesized are easily replicated for subsequent 
production of insulin. (D. Williams, et al.. 
Science , Vol. 215, pp. 687-689 (Feb. 1982); 
W. Mahoney, oniv. of Wash. Medicine , supra) . 

The approach of chemically synthesizing 

20 encoding for mature proteins has also been shown to 
be effective for bacterial production of human 
somatostation. (K. Itakura, et al.. Science, 
vol. 198, pp. 1056-1063 (1977)). However, insulin 
^}t»<rt» A and B and human somatostation are 

25 relatively small sequences and chemically 

synthesized DNA coded for them are relatively 
small. In the case of larger proteins, chemical 
synthesis of the UNA coding sequence coded for 
such proteins is prohibitively time consuming. 

30 One prior art approach, now often followed, 

utilizes chemically synthesized DNA in conjunction 
with enzymatieally prepared cDNA to produce a 
gene which instructs production of mature hormone 
in bacteria. Human growth hormone (HCT) is a 

35 protein of 191 amino acids, its precursor having 
an additional 26 amino acid "pre" poartion. cDHA 
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10 



15 



20 



25 



30 



encoding the precursor was enzymatlcally prepared 
from mBNA. isolated from human pitiiitary tissue* 
The first useful cleavage site of the cDMA occtirs 
at the site encoding amino acid residues 23-24 of 
SGH. Treatment of the cDNA with restriction 
endonuclease Eae III gives a DN2k fragment of 
551 base pairs which includes coding sequences for 
amino acids 24-191 of H6H. A gene fragment 
having coding sequences for residues 1-23 of HGH 
(and an initiation codon) was chemically synthesized. 
The two DNA fragments were combined to form a 
S3nithe tic-natural hybrid gene which when inserted 
JLnto a plnsmld vector directed expression of 
mature HGE in E. coli* (D* Goeddel, et aim. 
Nature ^ Vol. 281^ pp, 544-548 (October 1979)). 

Dsing a similar strategy of cleavage and 
reconstriction of DMA for the mature protein, 
R« Lawn et al.. Nucleic Acids Resectrch # Vol. 9, 
No. 22, pp. 6103-6114 (1981), expressed mature 
human albumin in coli • 

This general approach, however, requires 
time cosasumdLng chemical synthesis of desired gene 
fragments, cleavage of cDNA assuming the availa- 
bility of useful cleavage sites and difficult 
genetic construction of plasmids from DNA fragments. 
Furthermore , in both of the above exaiiples, an 
initiator methionine was left at the NH2 -terminal. 
The initiator methionines cannot practically* be 
removed since HGH and albumin also have s»thionines 
located elsewhere in the sequence. Thus, removing 
the initiator methionine by cayanogen bromide • 
cleavage, would resxilt in cleavage at the other 
methionines. This woxild result in a protein split 
into cleaved fragments* Both the HGH and albumin 
produced by the above approach are "mature* 
proteins which start with methionines . Hence they 
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are not "real** mature proteins. 

The prior art approaches set forth above 
illustrate that a major and nearly tiniversal 
problem in producing mature proteins is the con- 
S struction of the actual genetic material to be 
inserted into transfer vectors. Procedures 
exist for preparing cDNA from mPNA isolated from 
mammalian or other higher order animal tissue^ but 
mammalian and higher order animal proteins aire 

10 most often es^ressed as precursors and subsequently 
processed into the mature protein in cells of 
origin. The prior art has identified coli 
and yeast as microorganisms capable of processing 
precursors containing the "pre" portion, but this 

15 class of prectirsors excludes many of prectursors 

of interest. The prior art thus has not identified 
a microorganism suitable for cloning mammal lem and 
higher order azximal genes which is capable of 
processing to mature proteins precursors of 

20 greatest interest. The prior art approaches atten^t 
to solve the problem by constructing genes that 
code for mature protein. However, although 
procedures now exist for identifying nucleotide 
coding sequences for mature proteins # chemical 

25 synthesis of DMA sequences encoding mature 

.proteins or fragments thereof for use in hydrid 
genes is costly and time consuming, often 
prohibitively so. 

BRIEg DESCRIPTION OP THE FIGDRES 

30 PIG. 1 Shows inferred protein cleavage 

sites within the precursor of yeast a-f actor, where 
"K" designates lysine and "R" designates arginine 
amino acid residues. 

PIG. 2 shows the cDMA seqxience e nc odi n g 

35 preproparathyroid hormone and the unique Pvu II 
and Hin£ 1 cleavage sites. 
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FIG. 3 shows certein por^ons of the 
nucleo^de secpience of the plasxnid. 

SUMMRlg OP THg INVENTION 
In the present Invention, a method Is 
5 disclosed for producing protein In yeast transformed 
to egress a corresponding precursor con t a in i n g 
a pair or tripled of basic amino acid residues 
located proxlmally and/or dlstally . adjacent to the 
protein portion of the precursor sequence comprising 

10 proteolytic processing by the yeast of the 

precursor at the site of such pairs or triplets 
of basic amino acid residues. The method c om prises 
proteolytic processing by transformed yeast which 
contains an endopeptldase, designated herein as a 

15 trypsin-llke enzyme or enzymes* The trypsln-llke 
enzyme or enzymes proteolytical ly process the 
precursor at the site of such pairs or triplets 
of basic ami no acid residioes by cleaving at the 
distal side of such pairs or triplets. The 

20 method ftirther coit^rises proteolytic processing 

by transformed yeast that contsdns an exopeptideise, 
designated herein a carbo^^peptidase^-B^lilce 
enzyme or enzymes* The carboxypeptldase*-B-llke 
enzyme or enzymes proteolytlcally process the 

25 precixrsor at the site of such pedjcs or triplets 
of basic amino add residues by degrading such 
pairs or triplets of basic amino acid residues 
remaixiing dlstally adjacent to the protein portion 
of the precursor sequence after the cleavage by 

30 the trypsin-lilce enzyme or enzymes* 

In the present Invention, the above method 
is further disclosed for proteolytic processing of 
proto-proteins to mature proteins* Proto-prot e i n s , 
defined with greater specificity infga , consist 

35 generally of precursor proteins in wh ic h the 
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protein portion of the precursor sequence is 
identical in structure .to the mature protein except 
for the abscence of the amino .terminal and the 
carboxyl terminal in the precursor sequence/ The 
5 above method is also disclosed for proteolytic 
processing of certain jion-proto-proteins ♦ Por 
exas^le, the above method .is disclosed for 
proteolytic processing of preproinsulin or 
proinsuiin to mature insozlin. The above method is 

10 disclosed for producing mammalian insulin 

generally as well as human, bovine, and porcine 
-fttfti^l 'ln specifically • . According to the method, . 
preprocalcitonin and procalcitonin may be 
proteolytically processed by transformed yeast 

15 to form mature calcitonin or a calcitonin relative 
in the case of animal calcitonin generally and 
humaii, bovine, and porcine calcitonin specif ical^ly • 

In the present invention, a recombinant 
DMA plasmid transfer vector useful for transforming 

20 yeast comprising a DMA sequence comprising, the 

preproparathyroid gene cDMA sequence is disclosed 
as well as the plasmid pYEM-1 and yeast trazisformad ' 
by a plasmid coinprising the above transfer vector 
and yc^st transformed by the plasmid pYEH-l* 

25 DESCRIPTIOM OP THE SPECIFIC EMBODIMEMT 

Proto*-proteins may consist of precursors 
for which DMA and mBMA encoding the precursors 
naturally occur in animals > This type of 
proto«protein is designated source natural 

30 proto-proteins * Proto*proteins may also consist 
of precursors in which synthetic DMA encodes the 
precursor* This ^^pe of proto-protein is designated 
source synthetic proto-protein. For example, by 
rheml ral synthesis, or alternatively by enzymatic 

35 cleavage, rearrangement and siabsequent fusion, DMA 
can be synthesized so that the precursor which 



46-855400322=ASTRA AB 

WO 84/01173 



46-8 4426118==PRV InterPa 2S-07-97 13-04 001-015 

PCTAJS83/01361 



-12- 

encodes has the cleavage properties discussed 
below. Production of mature protein toight be 
enlumced by traxis forming yeast with synthetic DMA 
encoded for a precursor having repetitive sequences 
5 of the mature protein # each sequence being flanked 
by appropriate cleavage sites. 

Source natural proto-proteins are illustrated 
by, but not limited to, certain hormone precursors, 
including preproparathyroid (J. Habener 6 J. Potts, 

10 The Mew England Journal of Medicine (Second Peirt) , 
Vol. 299, No* 12, pp. 635-643 {Sept. 1978)), 
preprosomatostatin (P. Hdbart, et al.. Nature , 
Vol. 288, pp. 137-139 (November 1980)), AVP-NpII 
precursor to arginine vasopressin and its 

^ corresponding neiirophysin (H. Land, et al.. Nature , 
Vol. 295, pp. 299-303 (January 1982)), cortitropin 
B-lipotropin precursor to corticotopin (ACTH) 
and B-lipotropin (B-LPH) (S. Nakanishi, et al.. 
Nature, Vol. 278, pp. 423-427 (March 1979)), 

20 pr^roglucagon (P. Lund, et al.. Pro. Natl. Acad. 
Sci. USA , Vol. 79^ pp. 345-349 (January 1982)), 
and pro-opiomelanocortin (POMC) precursor to 
B-endorphin and Itet- and Leu-enkephalin prectirsor 
(M. Comb, et al.. Nature , Vol. 295, pp. 663-666, 

25 (February 1982)). 

Source natural proto-proteins are also 
illustrated by melittin prectirsor (G. Suchanek, 
et al., Eur. J. Biochemistry , Vol, 60, pp. 309-315 
(1975)7 G. Suchanek, et al., Proc, Natl. Acad, 

30 Sci. USA . Vol. 75, pp. 701-704 (1978)) and serum 
albumin precursors (R. Lawn, et al.. Nucleic Acids 
Research , Vol 9, No. 22, pp. 6103-6114 (1981)). 

As reported in the above citations, these 
precursors contain within their sequence at least 

35 one mature protein sec^uence. Where there is a 
single mature protein sequence contained in the 
precursor it is flanked proximally by a pair or 
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triplet of basic amino acid residiies consisting 
of lysine and/or arginine and is flauiked distally 
by either the carboacyl-terminal of the precxirsor 
or a pair or triplet of basic amino acid residues 
5 lysine and/or arginine. If there are several mature 
protein sequences contained in the precursor/ at 
least one of the mature protein sequences is 
flanked proacimally by a pair or triplet of such 
basic amino acid residues and is flanked distally 

10 by either the carboa^l-terminal of the precursor 
or a pa±r or triplet of such basic amino acid 
residues. Any precxirsor protein falling within 
this description is defined herein as a proto-protein, 
whether it be soxarce nature^, or source synthetic. 

15 As reported in the above citations in 

connection with observing the production of mature 
proteins in mammals and other higher order animals, 
the cleavage site located on the distal side of 
a pair or triplet of such basic amino acid residues 

20 is readily attacked by endopeptidases with 
trypsin-like activity. After endopeptidase 
cleavage, any residual basic residues remaining 
adjacent to and on the distal side of the mature 
protein are susceptible to degrading, i.e. 

25 selective removal, by exopeptidases with activity 
resembling that of carboxypeptidase-B . 

Thus, for exas^le, in preproparathyroid 
hormone the mature protein is flanked pro xim a l ly 
by the basic triplet lysine-lyslne-arginine and is 

30 flanked distally by the carbo3cyl-termin2a of the 
parecursor. A single cleavage by a trypsin-like 
enzyme is sufficient to produce the matiire hormone. 
In other proteins such as the glucagon precursor, 
two mature glucagon proteins are flanked both 

35 proximally and distally by a basic pair lysine- 
arginine. Combined cleavage by a trypsin-like 
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enzyxne and degradation of the resulting carboxyl- 
terminal by a carbo^peptidase-B-like enzyme are 
required to produce the mature proteins. 

The method of the present invention con^rises 
5 preteolytic processing by yeast of proto-proteins 
to mature proteins. In the method, transformed 
yeast naturally containing a trypsin-like enzyme 
or enzymes and a carbo3OTeP^d*se-B-like enzyme 
or enzymes, proteolytically release mature proteins 

10 from larger precursors. These enzymes will effectively 
cleave and degrade proto-proteins to mature proteins. 
This is confirmed by a trypsin-like cleavage, 
discussed infra, of preproparathyroid hormone 
yielding mature parathyroid hormone. This is 

15 further confirsoed by yeast processing its own 
mating factor, a- factor. (T. TanaJca, et al., 
J, Biochemistry , Vol. 82, pp. 1681-1687 (1977)). 
As shown in PIG. 1, the nucleotide sequence of 
a-factor shows that yeast naturally expresses a 

20 precursor containing four distinct codings for 
mattire a-factor. Three of the four a-factors 
in the precursor are flanked distally by a pair 
of basic amino acids residues. A trypsin-like 
cleavage in combination with a carboxypeptidase- 

25 B-like degrading naturally yields correctly 

processed C-termini for these three . o-f actors • 
After- a trypsin-like cleavage, N-termini of the 
four a-factors are flaxiked prozlmally by a series 
of several glutamic acid and alanine amino acid 

30 residues. These latter residues are in turn removed 

by an aminopeptidase. The foregoing natu r al 
endopeptidase and exopeptidase activity in yeast 
in combizxation with the virtusa uniform presence of 
pairs and triplets of lysine and/or arginine 

35 f lanlcing mature hormone sequences in proto-proteins 

underlies the present invention. 
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Although preproinsulin and proinsulin containing 
disulfide bonds are not proton-proteins as defined 
herein they will nevertheless undergo proteolytic 
processing in yeast transformed to express the 
5 preproinsulin or proinsulin. A pair or triplet of 
basic axaino acid residues are located distally 
and/or proximally adjacent to the insulin-A- 
chain and the insulin-B-chain portions of the 
sequence which constitute the protein portion of 
10 the precursor preproinsulin and proinsulin 

sequence. The requisite disulfide bonds between 
the insulin-A-chain portion of the sequence emd 
the insulin-B-chain portion of the sequence will 
be formed in yeast. (cf . the nisnerous examples 
15 of disulfide bond formation in yeast disclosed in 

M» Dayhoff r Atlas of Protein Sequence and Structure ^ 
Vol. 5 and Supplements 1^ 2 & 3 (National Biomedical 
Research Foundation, Georgetown University Medical 
Center, Washington, D.C. 20007 (1372, 1973, 1976, 
20 and 1981))). Proteolytic processing at the site 
of such pairs or triplets of basic amino acid 
residues swill yield mature insulin from preproinsulin 
or proinstilin containing the disulfide bonds. 

In the absence of disulfide bond formation 
25 between the insulin-A-chain portion of the sequence 
and the insulin -B-chatin portion of the sequence, 
proteolytic processing will yield insulin-A-chadji 
and insul in-B-chain , which may be caused in turn 
to attach to one another by disulfide bonds by 
30 conventional means to form mature ins xilin. In 

this case, the insulin-A-chain and instilin-B-chain 
may be considered mature proteins and preproinsuli n 
and proinsulin without disulfide bonds may be 
considered a proto-protein according to the above 
35 dlscxission of proto-proteins • 
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Mature calcitonin contains disulfide bonds 
between the cysteines located at positions 1 and 
7 of the seqxience, contains a carbohydrate attached 
at the sequence at position 3, and the proline 
5 at position 32 has been amidated to pro-amide 

while the glycine at position 33 has been removed. 
PreprocsiLcitonin and procalcitonin will contain 
the requisite disijlfide bonds. (cf. the nismerous 
examples of disulfide bond formation in yeast as 

10 disclosed in Dayhoff , supra ) . A carbohydrate 
will be attached at position 3 in calcitonin. 
Preprocalcitonin and procalcitonin will undergo 
proteolytic processing in yeast transformed to express 
the preprocalcitonin or procalcitonin. A pair 

15 of basic amino residues are located proximally 
adjacent to the 33 amino acid sequence, while a 
triplet is located dis tally adjacent to the 33 
amino acid sequence. It is expected that 
amidation of the proline located at 32 will 

20 , occur in yeast after the cleavage distall to and 

degradation of the triplet* (cf • numerous examples 
of amidation in yeast as disclosed by Dayhoff , 
supra) . In the event that a carbohydrate 
differing from the carbohydrate^ mature calcitonin 

25 is formed by the yeast, the calcitonin relative 
containing the differing carbohydrate may be 
converted to mature ceJ-citonin by conventional 
means. Xn the event that amidation following 
cleavage and degradation is si^pressed, the 

30 calcitonin relative lacking the amidation may also 
be converted to mature calcitonin by conventional 
means > 

By reverse transcription, cDNA can be 
prepared encoding any proto-protein of interest by 
35 isolating mBNA from tissues expressing the protein. 
Although many hormone and other protein genes have 
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already been cloned in coli, yeast has heretofore 
not been the host of choice. cDNA not previously 
cloned in yeast can be rendered compatible with a 
yeast host by proper codon selection (J. Bennetzen & 
B. Hall, J. Bio caiem. . Vol. 257, pp. 3026 (1982)) 
and by site specific mutagenesis of the cDNA 
(6, Simmons, et «t ^ uueieic Acid Research, 
Vol. 10, pp. 821 (1982)). 

•Ehue, one of the fundamental problems with 
producing useful mature proteins by recombinant 
DNA techniques has been siii5)lified in the case of 
mature proteins derived from proto-proteins. 
CDNA, although readily available for most proteins 
by reverse transcription of mPNA isolated from 
15 tissue, will express the precursor of the 

mature protein. Yeast, but not coli, has the 
requisite enzymes to process expressed proto-proteins, 
preproinsulin, or proinsulin to matiare protein or 
insulin . 

20 EXPERIMENTAL 

In order to demonstrate the present invention, 
the following eaqperiment was carried out. 

The plasmid YEp-13 was obtained from 
Dr. Steven Henekoff , Fred Hutchinston, Dept. of 

25 Developmental Biology, Seattle, Washington, and can 
be constructed according to J. Broach, et al.. 
Gene , Vol. 8, pp. 121-133, (1979). The gene which 
encodes yeast alcohol dehydrogenase 1 was modified 
according to Hitzelman, et al., Ka<nTre (London), 

30 vol. 293, pp. 717-722 (1981) , allowing the 

isolation of the transcription signals. These 
sequences, including the cloning site, were 
provided by Dr. C. Ammera. The plasmid YEp-13 
was modified so that the tet^ gene of YEp-13 was 

35 interrupted at the Bam HI site with the yeast alcohol 
dehydrogenase 1 gene promoter and BNA polymerase 
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Stop sequences. A Hind III site between the 
latter two elements provided the cloning site. 
These modifications of plasmld Y£p-13 %rare 
accomplished by methods set forth generaaiy in 
5 U.S. Patent 4,237,224,: stapra , and Methods of 

• Enzvmoloqy , Vols. 65 and 68 wherein such methods 
are reviewed. 

The CDMA secpjence coding bovine prepropara- 
thyroid hormone, shown in FIG. 2 and fvirther 

10 described in B. Keiqper, et al., Eomozxal Control 
of Calcium Metabolism (Ed. by D. Cohn, et al., 
published Excerpta Medica at Amsterdam, Oxford, 
and Princeton 1981) at pp. 19, was obtained from 
Dr. Byron Kemper, Department of Physiology and 

15 Biophysics and School of Basic Medical Sciences, 

University of Xllinois-Urbana. This cDNA sequence 
was restricted with the enzymes FVU ZI and Hinf 1 
at the sites shown in FIG. 2. These enzymes were 
obtained from New England Biolaboratories , Beverly 

20 MA. The Hinf 1 site shown in FIG. 2 was filled with 
nucleotides using the enzyme DNA polymerase 1 
(the large fragment) which was obtained from 
New England Nuclear, Boston, MA. This modified 
sequence was then blunt-end ligated to Hind XII linkers 

25 and restricted with the enzyme Hind III. The 

Hind III linkers and Hind III enzyme were obtained 
from New England Biolaboratories, supra . The 
resulting DNA fragment was then ligated into the 
Hind III site of the modified plasmid YEp-lS 

30 forming a novel plasmid. This plasmid was designated 
pYEM-1. FIG. 3 shows certain portions of the 
nucleotide sequence of pYEM-1. The foregoing 
construction of p7EM-l was accomplished by methods 
set' forth generally in U.S. Patent No. 4,237,224, 

35 supra , the BLR U13 handbook, and Methods of 

Enzymology , Vols. 65 and 68 wherein such methods are 
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reviewed. 

After constructijig pYEM-1, yeast cells 
were tranafonned with the plasmid using the methods 
of Beggs, Nature (Londoh) , Vol. 275, pp. 104-109 
(1978) and Hinnen, et al., Proe. Nat l'. Acad.' of 
Sci. OSA , Vol. 75, pp.; 1929-1933 (1978). Because 
pYEM-l has the yeast leu 2. gene, the use of a 
leu 2 negative strain of .yeast was used in the 
transformation for the purposes of selecting 
successful transformants. Yeast strain, Xl0e9-2n, 
a strain of Saccharotny^ces' 'cerevisiae defective 
in leu-2 function, was lohtained from the Yeast 
Genetic Stock Center,. .Univ. of Califorinia- 
Berekeley. 

15 Of course any other defective yeast strain, 

including strains within Satfcharomyces- poMbe and 
other species, could be used. All that is required 
is tha-t a con5>lementation system be established 
between the yeast strain and the dohing/eacpression 

20 vector and that the vector be stabily maintained 
in yeast. For exaxnple, a Trp 1 strain could be 
used if the Trp 1 gene was on the vector . To 
date, several stable transformation systems have 
been described. (A. Hinnen and B, Meyhack, 

25 Current Topics in Microbiolocfv and Immunology, 
Vol. 96, pp. 101-117 (1981); C. Hollenberg,* 
Current Topics in Microbiology and Immunology, 
Vol. 96, pp. 119-144 (1981)). 

The transformed yeast cells conta in i ng 

30 plasmid pYEM-1 were grown in a leucine deficient 
media containing 5% glucose, yeast extract, 
yeast nitrogen base and other nutrients suitable 
for yeast strain X1069-2D. After 24 hours of 
growth at 30 'C, the media was collected and the 

35 yeast cells lysed. Bioassay was performed 

according to conventional techniques and PTH 
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]:adi.olam\3noassay was perfoxmed using Inmuno 
Nuclear Corporation (Stillwater, MN) assays 
specific to the N-terminal, mid-niDlecule, and 
C- terminal regions of parathyroid honnone. The 
5 following table shows that both immtanologically 

cross-'reactive peurathyroid hormone and biologically 
active paurathyroid hormone is being produced in 
yeast. 

10 TKBLE 

PTH PTH PTH 

N- Mid- C- 

terminal molecule terminal Bioassay* 

RIA* region RIA* RIA* 

15 Cell lysate 

pYEM-1 16 16 16 10 

control 0 0 0 0 

Media 

pYEM-1 2 2 2 0.015 

control 0 0 0 0 

20 ^expressed in nanomoles/ml 

To confirm that correct processing had 
occurred, 50 ml of culture was prepared in which 
the parathyroid hormone producing yeast were 

25 In media containing ^^S loethlonlne 

(80 u ci/ml) • After an overnight growth the 
cells were removed by centrlfugatlon. The media 
was then Inciobated with specific N*termlnal 
parathyroid hormone antibody. After two hours 

30 the antibody-antigen complex was recovered by 
centrlfngatlon and washed three times with new 
media followed by an ether wash. This complex 
contained about 7,000 cpm of ^^S methionine 
Incorporated Into protein after TCA precipitation. 

35 This mixture was applied to a Bedcman 89 OD 
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sequencer according to the methods of Mahoney 
and Nute, Biochem . Vol. 19, pp. 4436 (1980)- and 
subsequently degraded 40 cycles. Sequence analysis 
demonstrated that the ^^S methionine was all 
5 contained in cycles number 8 and 18. In mattire 
PTH, methionine appears only at positions 
8 and 18 in the sequence. If preproparathyroid 
hormone expressed by the yeast was left unprocessed, 
we would expect ^^S methionine in cycles 1, 2, 

10 7, 11, 14, 49, and 59 reflecting the appearance 
of methionine at positions -31, -30, -25, -21, 
-18, +8, +18 in the preproparathyroid sequence. 

The novel microorganism . yeast strain 
X1069-2D transformed by novel plasmid pYEM-1, 

15 designated X1069-2D-pYEM-l, was placed on permanent 
deposit in the Northern Regional Research Center, 
U.S. Dept. of Agriculture, Peoria, Illinois 
61604 on September 8-, 1982. The NRRL number for 
Xl069-2D-pYEM-l is Y-15153. The plasmid pYEM-1 

20 and the transfer vector contemned therein may be 
removed from this novel yeast strain by known 
means. - 

While the invention has been described in 
connection with a specific embodiment thereof, it 
25 will be understood that it is capable of further 
modifications and this application is intended to 
cover any variations uses, or adaptations of the 
invention within the scope of the appended claims. 
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CLKEMS 

1. A nethod for producing protein in yeas-t 
transformed to express a corresponding precursor 
contadLning a pair or triplet of basic amino acid 
residues located proximally and/or distaaiy adjacent 
to the protein portion of .the precursor sequence, 
comprising proteolytic processing by the yeast 

of the precursor at the site of such pairs or 
triplets of basic ami no acid residues. 

2. The method of claim 1 wherein the proteolytic 
processing by yeast of the precursor at the site 

of such pairs or triplets of basic amino acid 
residues comprises cleaving/ by a trypsin-like 
enzyme or enzymes present in the transformed yeast, 
at the distal side of such pairs or triplets of 
basic acid residues. 

3. The method of claim 2 wherein the proteolytic 
processing by yeast of the precursor at the site 

of such pairs or triplets of basic amino acid 
residces further comprises degrading, by a carboaq^- 
peptidaise-B-like enzyme or enzymes present in the 
transformed yeast, of any such pairs or triplets 
of basic amino assay residues remaining dis tally 
adjacent to the protein portion of the precursor 
sequence* after the cleavage by the trypsin-like 
enzyme or enzymes. 

4. The method of claim 1 wherein the corresponding 
precursor is a proto-protein. 

5. The method of claim 4 wherein the proto- 
protein is source synthetic proto-protein. 
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6. The method of claim 4 wherein the proto- 
protein is source natural proto-protein. 

7. The method of claim 6 wherein the source 
natural proto«protein is bovine preproparathyroid 
hormone . 

8. The method of claim 1 wherein the protein 

is mammalian insulin and the corresponding precursor 
is nammalian preproinsulin or proinsulin. 

9. The method of claim 8 wherein the 
mammalian insulia and mammalian preproinsulin 
or mammalian proinsulin are members respectively 
of the group consisting of human insulin and 
human preproinsulin or human proinsulin, 
bovine insulin and bovine preproinsulin or 
bovine proinsulin, and porcine insulin and porcine 
preproinsulin or porcine proinsulin. 

10. The method of claim 1 wherein the protein 
is animal calcitonin or an animal calcitonin 
relative and the precursor is animal preprocalcitonin 
or aTil y***"* procalcitonin. 

11. The method of claim 10 wherein the animal 
calcitonin or animal calcitonin relative and the 
animal preprocalcitonin or animal procalcitonin 
are members respectively of the group consisting 
of human calcitonin or human calcitonin relative 
and human preprocalcitonin or human procalcitonin, 
bovine calcitonin or bovine calcitonin relative 

and bovine preprocalcitonin or bovine procalcitonin, 
and porcine calcitonin or porcine calcitonin 
relative and porcine preprocalcitonin or pro- 
calcitonin. 



46-855400322»ASTRA AB 

WO 84/01173 



46-8 4426118=PRV InterPa 25-07-97 13-04 001-027 

PCrAJS83/01361 



-24- 



12. The method of claim' 1 wherein the yeast 
is Saccharooc/ces cerevisi^ae or Saccharomyces 
pombe* 

13. The method o£ claim' 12 wherein the yeast 
is Saccharoxoyces cerevisiae* 

14. A recombinant DNA plasmid transfer vector 
useful for transforming yeast comprising a 

DMA sequence comprising the preproparathyroid 
gene cDNA sequence. 

15. The plasmid pYEM-1 

16. Yeast transformed by a plasmid coxqprising 
the transfer vector of claim 14, 

17 « Yeasi: transformed by the plasmid of 
claim 15 » 
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US- PAT-NO: 5010010 

DOCUMENT- IDENTIFIER: US 5010010 A 

TITLE: Production of human parathyroid hormone from microorganisms 

DATE-ISSUED: April 23, 1991 

INVENTOR- INFORMATION : 
NAME 

Gautvik; Kaare M. 
Alestrom; Peter 
Oven; Tordis B. 
Gabrielsen; Odd S. 

US -CL- CURRENT: 435 / 252.3 ; 435 / 252.33 , 435 / 254.21 , 435 / 320.1 , 435 / 69.4 , 435/ 69.9 , 
536 / 23 .51 

CLAIMS : 

We claim: 

1. A DNA sequence encoding Saccharomyces mating factor alpha 1 operably linked to 
human parathyroid hormone wherein said DNA sequence can stably transform a yeast 
cell to express and secrete an intact human parathyroid hormone. 

2 . The DNA sequence of claim 1 wherein said DNA sequence comprises the nucleotide 
sequence set forth in FIG. 11. 

3. The yeast cell of claim 1 wherein said cell is in the genus Saccharomyces. 

4. The yeast cell of claim 1 wherein said cell is of the species Saccharomyces 
cerevisiae . 

5. The yeast cell of claim 1 wherein said cell is a budding yeast cell. 

6 . The human parathyroid hormone of claim 1 wherein said hormone has biological 
activity substantially equivalent to naturally occurring human parathyroid 
hormone . 

7 . A plasmid comprising the DNA sequence of claim 1 . 

8. A plasmid according to claim 7 wherein said nucleotide sequence comprises: 
##STR2## 

9. A plasmid according to claim 7 wherein the nucleotide sequence comprises: 
##STR3## 

10. A plasmid according to claim 7 wherein the nucleotide sequence comprises: 
##STR4## 

11. A plasmid according to claim 7 wherein the nucleotide sequence comprises: 
##STR5## 

12. A microorganism containing the plasmid of claim 8. 

13. A microorganism according to claim 12 wherein said microorganism is 
Escherichia coli. 

14. A microorganism containing the plasmid of claim 9. . . u- 

15. A microorganism according to claim 14 wherein the microorganism is Escherichia 
coli. 

16. A microorganism containing the plasmid of claim 10. u • u- 

17. A microorganism according to claim 16 wherein the microorganism is Escherichia 
coli. 

18. A microorganism containing the plasmid of claim 11. u • u* 

19. A microorganism according to claim 18 wherein the microorganism is Escherichia 

coli . , . , • 

20. A plasmid according to claim 7, wherein the nucleotide sequence comprises: 

##STR6## 
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21. The plasmid of claim 7, wherein the nucleotide sequence comprises: ##STR7## 

22. A microorganism containing the plasmid of claim 7. nn n.,n» 
23 A transformed yeast cell comprising a DNA sequence encoding Saccharomyces 
mating factor alpha 1 operably linked to human parathyroid hormone, said cell 
capable of expressing said DNA and secreting said expressed DNA into an 
^SaSriid'LS^oie!'"'""'' "'''""''^ '"'^ secreted, expressed DNA is intact human 

nucleStidH^^eJ^e ^r^^G^li.^' " '^'^^"'^ '^"^ ^'^^ ^^^^^ -""P^"- the 

SaccharomJces^°'""^'^ ^^^^^ °^ wherein said yeast cell is of the genus 

26. The transformed yeast cell of claim 23 wherein said yeast cell is of the 
species Saccharomyces cerevisiae. 

ylast^ceir"^^""^^*^ ^^^^^ ''^^^ °^ wherein said yeast cell is a budding 

28. The transformed cell of claim 23 wherein said expressed human parathyroid 
hormone has a biological activity substantially equivalent to naturally occurring 
human parathyroid hormone. " "•''•^"3 

29. A DNA sequence comprising a vector capable of stably transforming yeast 
wherein said DNA sequence encodes Saccharomyces mating factor alpha 1 operably 
linked to human parathyroid hormone wherein said vector can stably transform a 
yeast cell to express and secrete an intact human parathyroid hormone 

yeast ^^^^^ '^^l^ °f ''l^i™ 29 wherein said yeast cell is a budding 

plasmid °^ ol^Lm 3 0 wherein said vector is an autonomous replicating 

32. The vector of claim 30 wherein said vector is an integrating plasmid. 

33. The transformed yeast of claim 30 wherein said yeast is from the qenus 
Saccharomyces . 

34. The transformed yeast of claim 30 wherein said yeast is of the species 
Saccharomyces cerevisiae. 

PSSHPTH-10, deposited in the American Type Culture Collection under 

ATCC No, 40267, 

36 A transformed E. coli containing pSSHPTH-10, deposited in the American Type 
Culture Collection under ATCC No. 67223. 

37. A transformed S. cerevisiae containing pSS . alpha .L . times . 5-HPTHl , deposited in 
the American Type Culture Collection under ATCC No. 20821. 

38. A plasmid, pSS . alpha . L . times . 5-HPTHl , deposited in the American Type Culture 
Collection under ATCC No. 40266, 
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TITLE: Production of human parathyroid hormone from microorganisms 
DATE-ISSUED: May 30, 1995 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Gautvik; Kaare M. Oslo N/A N/A NOX 

Alestrom; Peter Sollihogda N/A N/A NOX 

Oyen; Tordis B. Oslo N/A N/A NOX 

US -CL- CURRENT: 530/307; 536 / 23.51 
CLAIMS : 
We claim: 

1. An isolated intact, functional human parathyroid hormone that is resistant to 
degradation by a KEX2 like proteolytic enzyme between the amino acids in positions 
26 and 27 thereof. 

2. The intact, functional human parathyroid hormone of claim 1 wherein Lys in 
position 26 is substituted with Gin. 

3 . An intact human parathyroid hormone operably linked to a modified Saccharomyces 
mating factor alpha 1 wherein a tetramer Glu-Ala-Glu-Ala, disposed immediately 
N-terminal to said human parathyroid hormone is omitted. 

4. An intact human parathyroid hormone operably linked to the Lys Arg KEX2 
cleavage site of the leader sequence of Saccharomyces mating factor alpha 1. 

5. An intact human parathyroid hormone operably linked to the first 19 amino acids 
of Saccharomyces mating factor alpha 1 . 

6. A DNA sequence encoding Saccharomyces mating factor alpha 1 operably linked to 
a DNA sequence encoding human parathyroid hormone wherein said DNA sequence stably 
transforms a yeast cell to express and secrete an intact, functional human 
parathyroid hormone that is resistant to degradation by a KEX2 like proteolytic 
enzyme between the amino acids in positions 26 and 27 thereof. 

7. The DNA sequence encoding Saccharomyces mating factor alpha 1 operably linked 
to a DNA sequence encoding human parathyroid hormone wherein said DNA sequence 
encoding human parathyroid hormone is modified such that the codon encoding Lys in 
position 26 thereof encodes Gin. 

8 . A DNA sequence encoding Saccharomyces mating factor alpha 1 operably linked to 
a DNA sequence encoding human parathyroid hormone wherein said DNA sequence 
encoding said mating factor alpha 1 is modified by deletion of the codons encoding 
the tetramer Glu-Ala-Glu-Ala disposed immediately N-terminal to said DNA sequence 
encoding human parathyroid hormone . 

9. A DNA sequence encoding Saccharomyces mating factor alpha 1 and human 
parathyroid hormone wherein said DNA sequence encoding said human parathyroid 
hormone is operably linked to a DNA sequence encoding the Lys Arg KEX2 cleavage 
site of the leader sequence of Saccharomyces mating factor alpha 1. 

10. A DNA sequence encoding the first 19 amino acids of Saccharomyces mating 
factor alpha 1 and human parathyroid hormone wherein the DNA sequence encoding 
human parathyroid hormone is operably linked to a portion of a DNA sequence 
encoding the first 19 amino acids of said Saccharomyces mating factor alpha 1 and 
wherein said DNA sequence encoding the first 19 amino acids of Saccharomyces 
mating factor alpha 1 and human parathyroid hormone which stably transforms a 
yeast cell to express and secrete on intact, functional human parathyroid hormone. 
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Chapter 9 Cloning in Yeast and other 
Microbial Eukaryotes 



The analysis of eukaryotic DNA sequences has been facilitated 
by the ease with which DNA from eukaryotes can be cloned 
in prokaryotes using the vectors described in previous chap- 
ters. Such doned sequences can be obtained easily in large 
amounts and can . be altered in vivo hy bacterial genetic 
techniques and in vitro by specific enzyme modifications. To 
determine the effects of these experimentally induced changes 
on the function, and expression of eukaryotic genes, the 
rearranged sequences must be taken out of the bacteria in 
which they were cloned and reintroduced into a eukaryotic 
or-^anism. preferably the one from which they were obtained. 
Despiie the overall unity of biochemistry' tiiere are many 
functions common to eukaryotic cells which are absent from 
prokaryotes, e.g. localization of ATP-generating systems to 
mitochondria, association of DNA with histones, mitosis and 
meiosis, and obligate differentiation of cells. The genetic 
control of such functions must be assessed in a eukaryotic 
environrx-.ent. In this chapter we will discuss the potential for 
cloning in the yeast Saccharomyces cerevisiae and in later 
chapters v/e will discu.;s the possibilities for cloning in animal 
and plant cells. It shotild be borne in mind that as well as using 
yeast as a host for cloned genes from other eukaryotes it also can 
be used sis a host for analysing cloned ^^east genes, i.e. surrogate 
yeast genetics. 

Transformation in yeast 

Transformation of yeast was first achieved by Hinnen et al. 
(1978) who fused yeast spheroplasts (i.e. wall-less yeast cells) 
with polyethylene glycol in the presence of DNA and CaCh and 
then allowed the spheroplasts to regenerate walls in a 
stabilizing mediurr. containing 3% agar. The transforming 
DNA used was piasrr.id pYeLeu 10 which is a hybrid composed 
of the £. coli pla5:n-iid Col £1 and a segment of yeast DNA 
containing the Leu 2^ gene. Spheroplasts from a stable Leu 2 
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auxotroph were transformed to prototrophy by this DNA at a 
Squ^n^ Of 1 X 10-. Urxtreated spheroplasts reverted with a 
ftequerxcy ui ^q_io vN^gn 42 Leu* trar\s£ormants were 

sequences^ oLetic analysis of the remammg seven trans- 
f™ts indicated that there had beerj reciprocal recombx^ 
naTon between the incoming Leu 2* and the recipient ^-eu 2 

"^^'Sf the 35 transformants containing Col El DNA sequences 
genetic analysis showed that in 30 of them the Leu 2* allele was 
closely linked to the original Leu 2" aUele whereas m the 
^ir^lSiing 5 the Leu 2* allele was. located on another 
chToroscfme ' T^ese results can be confirmed by restriction 
endonuclease analysis since pYeLeu 10 contains - deavag^ 
sites for Hind IIL When DNA from the Leu 2 parent was 
digested with endonuclease Hind III and electrophoresed in 
aglrose, multiple DNA fragments were observed ^ut only one 
of these hybridized with DNA from pYeLeu la With the 30 
^ansformants in which the Leu 2" and Leu 2* alleles were 
linked, only a single fragment of DNA hybridized to PjeLeu 
but this had an increased size consistent with the insertion of a 
complete pYeLeu 10 molecule into the original fragment. This 
data is consistent with their being a tandem duplication of the 
Leu 2 region of the chromosome (Fig. 9.1). With the remaining 

ELECTROPHORETIC SEPARATION 
OF Hind m GENERATED 
FRAGMENTS WHICH HYBRIDIZE 
WITH pYeleu 10 _ 



CHROMOSOME STRUCTURE OF 
TRANSFORMANTS AND 
RECIPIENT 

HindJSI Hindm. 



Recipient 



Leu 2" 




Leu 2* 



Leu 2~ pYeleulO 
Leu 2' 



5 pYeieuiO 



Transformants 



■ t. ''» ' -.. 



... ...... ^u.-) :;.V.'- 



'i- . 



Direction of migration 



Fig. 9.1 Analysis of yeast transforn^ants. See text for details. 
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Cloning in Yeast and other Microbial Eukaryotes 

five transformants, two DNA fragments which hybridized to 
pYeLeu 10 could be found on electrophoresis. One fragment 
corresponded to the fragment seen with DNA from the 
recipient ceUs, the other to the plasmid genome which had been 
inserted in another chromosome (Fig. 9.1). These results 
represented the first unambiguous demonstration that foreign 
DNA, in this case cloned Col El DNA, can integrate into the 
genome of a eukaryote. A plasmid such as pYeLeu 10 which can 
do this is known as a YIp-yeast integrating plasmid. 

The development of yeast vectors: 

1. Common principles 

Since the first demonstration of transformation in yeast a 
n umber of different kinds of yeast vector have been 
constructedTAll of them have features in commohT First, _all of 
them cah replicate in £. colt, often at hig h copy num ber. Jhis is 
imp ortant because for many experiments it is nec essary to 
a mplify the vector DNA in E. coli before transformation o f the 
ult imate yeast recipie nt. Sec ond, all employ markers, e.g . Leu 
2-^. His'^. Ura 3"^. Trp 1"^, th at can be selected rea d ily in yeast 
a nd which often will complement the corresponding muta tions 
iit ^E. coli as we ll. I n addition to these selectable markers mos t of 
the .vectors also carry antibiotic resistance markers for u se in £. 
coli. Finally, all of them contain uniq uejar get sit es^for_anumber 
of je stnction endon ucleases. 

The development of yeast vectors: 

2. Yeast episomal plasmids (YEp) 

Many strains of S. cerevisiae contam a pj.asmid, 2jjin long (6 kb), 
whi^ T_has no knowi Tfunction^ .pjasmid .replicates under 
nnrlp ar control and t here are .approximately -50— lOQ copies per 
cellTlt c ontains an invert p H rpppafr «;pq i3er>£:e.6Qn- h as p p airs Jong 
a nH'is isolated _as-a mixturejoiiwo forms (Fig. 9.2) whLck differ 
from one another in the^ onentation.c»f. the.Jwo 
se^me^tFoiFTFrelmole The two 

for ms are "presumably due to reGom binaJtijQn- between the 
inv erted repeat sequ ences (HoUenberg et al. 1976). Beggs (1978) 
constructed chimaeric plasmids contai ning this_ 2 Jim yeast 
plasmid, fragrnents of yeast nuclear DNA and the £. coU vector 
pMB9. TheSLg chimaeras were able to replicate in both L. coli and 
yea5t,__transformed yea&t.wijth high .freque.n«;y,. .and some were 
able to_c.Qin.plement auxotrophic -mutations, in yeast. 

The chimaeric plasmids were constructed in two stages. 




Inverted repeats 




eco RI 



(b) -£coRI 

OTc'^ pMB9 

Fig. 9-2 Structures of (a) the yeast 2 \xm plasmid, and (b) pMB9. Only 
the cleavage sites for Eco RI and Psf I are shown. 

First, plasmid pMB9 (Fig- 9.2) cind the 2 |iin plasmid were joined 
by ligation of the DNA fragments produced by Eco RI 
endonuclease digestion. ^ Tc^ clones were selected after 
transforming E, coli with the li gated DNAs and these were 
screened for a hybrid plasmid large enough to carry the 
complete yeast 2 pm plasmid sequence. Yeast-pMB9 hybrid 
plasmids theoretically have eight possible configurations. 
These are determined by the orientation of the insertion into 
pMB9, which of the Eco RI sites on the yeast plasmid is used for 
insertion and whether the yeast sequence is in the A or B 
configuration. Fjve of the ei ght possible configurations, which 
can be.d istinguished by restriction mapping, were f oiind among 
seyeiL-Qpmplete hyb^ia^ ^ ^ -e^Smin ecl, The~^xact con- 
figuration of the yeast 2 Mm plasmid-pMB9 hybrids is probably 
not important. 
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For Jhe- second- -stage Beggs (1978) s heared nuclear DNA 
isola^d[frojn_S._^^ (dA- 
dT) tai ls to a mixture of p MB9-yeast 2L Lm plasm id hybrid 
plasm i'ds whicH had been l inearized b ydigest ion with Pst 1. Tc^ 
frarifi^ngnants were selected in E. coli and of t heJLl OOP obtained, 
two werefo und w hich^comRlemented a^ Leu"_mutant. The 
plasinids from these clones, pJDB219 and pJDB248, transformed 
a leuB mutant of £. coli to Leu^ or tetracycline resistance at the 
same frequency. 

Both PJDB219 and pJDB248 transformed Leu 2 yeast mutants 
to Leu"*" with a frequency of 5 x 10~* to 3 x 10"*^ transformants 
per viable cell. This is several orders of magnitude greater than 
the frequency of transformation obtained by Hinhen et aL 
(1978). However, chromosomal integration of the transforming 
fragment was essential with the system of Hinnen et aL (1978). 
• By contrast pJDB219 and pJDB248 could be recovered as plas- 
mids from yeast cells and their inheritance in yeast was non- 
Mendelian. 

Man y ot her YEp vectors based on the 2 [im plasmid have 
been developed7e.g"."Gerbaud et aL 1979, Storms et aL 1979, 
Sffuhl et^al, 1979. Thev_possess the same advantage5,a^ those of 
Beggs (1978), viz, they have a high .copy numberX25-100xo^ 
cell"-*) in yeast and they transforiB.yeast,^^ 

tra nsformation ^eq uency r;^n Hp iT:frrf>as ed 10- to 2 0-fold. -if 
si ngle-stranded ^lasmids are used (Singh et aL 1982). The major 
p roble m assoc iated jvilh all.yEp-vectors is that-nov^l -rearranged 
recojmbinant4>lasmid&-ar^^ generated in vivo in JE-roZiand-yeast. 

The development of yeast vectors: 
3. Yeast replicating plasmids (YRp) 

Struhl et aL (1979) con structe d a useful ve ctor which consists of 
a 1.4 kb yeast DN A frag ment containing..the ^ri.genelnserted 
into _th e £co Rl^ it.e _of ,pBR322, This v ector tra nsformed trp-\ 
veas^t proto plast s to^_Trg^_ at_ high frequency and transforming 
sequen ces were alway s detected"as ccc DNA-molecules in yeast . 
No transformants were found in which the vector had 
integrated into the chromosomal DNA. Since pBR322 alone 
cannot replicate in yeast cells (Beggs 1978) a yeast chromosomal 
sequence must permit the vector to replicate autonomously and 
to express yeast structural genes in the absence of recombi- 
nation with host chromosomal sequences. A similar vector 
based on pBR313 was developed by Kingsman et aL (1979). 
In both cases the yeast gene was linked to a centromere and 
initially it was thought that this was important. Since then it 
has been shown that a centromere is not essential; rather, the 
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vector carries an autonomously replicating sequence {ars) 
derived from the chromosome. 

Although plasmids containing an ars transform yeast very 
^ efficiently the resulting transformants are exceedingly unstable. 

segregating at rates well above 1% per generation ot growth in 
non-selective medium. Occasional stable transformants are 
found and these appear to be cases in which the entire YRp has 
integrated into a homologous region in a manner identical to 
that of Yips (Stinchcomb et al 1979, Nasmyth & Reed 1980). The 
copy number of YRp vectors is much lower than that of YEp 
vectors. 



The development of yeast vectors: 
4- Yeast centromere plasmids (YCp) 

Using a YRp vector Clarke and Carbon (1980) isolated a number 
of hybrid plasmids containing DNA segments from around the 
centromere-linked leul, cdclO and pgk loci on chromosome III of 
yeast. As expected for plasmids carrying an ars most of the 
recombinants were" unstable in yeast. However, one of them 
was maintained stably through mitosis and meiosis. The 
stability segment was confined to a 1.6 kb region lying between 
the leul and c^iclO loci and its presence on plasmids carrying 
either of 2 ars tested resulted in those plasmids behaving like 
minichromosomes (Clarke & Carbon 1980, Hsiao & Carbon 

1981) . Genetic markers on the minichromosomes acted as 
linked markers segregating in the first meiotic division as 
centromere-linked genes and were unlinked to genes on other 
chromosomes. Stinchcomb et al. (1982) and Fitzgerald-Hayes et 
aL (1982) have isolated the centromeres from chromosomes IV 
and XI of yeast and found that they confer on plasmids similar 
properties to the centromere of chromosome III. The isolation of 
plasmids bearing centromeres functional in yeast is a 
particularly exciting development for it should permit a 
detailed molecular analysis of the events occurring at mitosis 
and meiosis. Already a detailed analysis has been made of the 
molecular architecture of the centromere (Bloom & Carbon 

1982) . 

Surrogate genetics of yeast 

For many biologists the primary purpose of cloning is to 
understand what particular genes do in vivo. Thus most of the 
applications of yeast vectors have been in the surrogate genetics 
of yeast. One advantage of cloned genes is that they can be 
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analysed easily, particularly with the advent of DNA 
sequencing methods. Thus nucleotide sequencing analysis can 
reveal many of the elements which control expression of a gene 
as well as identifying the sequence of the gene product. In 
the case of the yeast actin gene (Gallwitz & Sures 1980^ Ng & 
Abelson 1980) and some yeast tRNA genes (Abelson 1979, Olson 
1981) this kind of analysis revealed the presence within these 
genes of non-coding sequences which are copied into primary 
transcripts. These introns subsequentiy are eliminated by a 
process known as splicing and this is discussed in more detail 
on page 200. Nucleotide sequence analysis also can reveal the 
direction of transcription of a gene although this can be deter- 
mined in vivo by other methods; for example, if the yeast 
gene is expressed in E. coli using bacterial transcription signals, 
the direction of reading can be deduced by observing the 
orientation of a cloned fragment required to permit expression. 
Finally, if a single transcribed yeast gene is present on a vector 
the chimaera can be used as a probe for quantitative solution 
hybridization analysis of transcription of the gene. 

The availability of different kinds of vectors with different 
properties (see Table 9.1) enables yeast geneticists to perform 
manipulations in yeast like those long available to E. coli 
geneticists with their sex factors and transducing phages. Thus 
cloned genes can be used in conventional genetic analysis by 
means of recombination using Yip vectors, or complementation 
using YEp, YRp or YCp vectors. These latter vectors also per- 
mit the formation of partial diploids and partial polyploids. 
Transposition of genes can be done using integrative trans- 
formation and the new position of the gene determined by con- 
ventional Mendelian analysis. Deletions, point mutations and 
frame shift mutations can be introduced in vitro into cloned genes 
and the altered genes returned to yeast and used to replace 
the wild-type allele. Excellent reviews of these techniques 
have been presented by Botstein and Davis (19S2), Hicks et aL 
(1982) and Struhl (1983). 

Targeted selection of recombinant clones 

In an analogous fashion to that used for prokaryotic genes, 
many yeast genes have been identified by transforming 
a mutant yeast strain with a recombinant library followed by 
screening or selecting for clones that complement tl^e mutation 
of interest. For this approach to work it is essential to have a 
mutation in the gene of interest and a genetic marker that 
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can be used to select the desired transformants. However, de- 
spite the fact that S. cerevisiae has been intensively studied 
genetically only a small fraction of the genes encoding en- 
zymes has been identified by mutation. Furthermore, there are 
several examples of two or more yeast genes encoding either 
the same product or functionally homologous products or 
multiple coding sequences for the same product, e.g. alcohol 
dehydrogenase. Such duplication makes it difficult to obtain 
suitable mutants. Rine et al (1983) have presented an alter- 
native approach to complementation for isolating genes. Their 
method is based on the observation that it is possible to over- 
come the effects of an inhibitor by increasing the dosage of the 
gene encoding the target protein. In practice, the concentration 
of the inhibitor which is just sufficient to* prevent growth of 
wild- type yeast cells is determined and the transformants are 
selected which are resistant to this concentration of inhibitor. In 
this way Rine et al (1983) were able to clone genes conferring 
resistance to tunicamycin (an inhibitor of UDP-N-acetyl glu- 
cosamine-l-P transferase), compactin (an inhibitor of 3- 
hydroxy-3-methyl-glutamyl-CoA reductase), and ethionine (an 
inhibitor of S-adenosyl methionine synthetase). 



Linear vectors for cloning yeast telomeres 

All three autonomous plasmid vectors are maintained in yeast 
as circular DNA molecules — even the YCp vectors which 
possess yeast centromeres. Thus none of these vectors can 
model the eukaryotic chromosome which is a linear structure, A 
model system is of particular intereist as the biochemical 
mechanism by which the ends of linear DNA molecules are 
replicated is unknown (see Watson 1972, for detailed 
discussion). Szostak and Blackburn (1982) have developed such 
a model system by using a linear vector to clone yeast 
telomeres. 

The linear yeast vector was constructed from two com- 
ponents. The first was a YRp, pSZ213 (Fig. 9.3) which has no 
Bam HI sites and a single Bgl II site. The second component 
was fragments of an unusual, linear, rRNA-encoding plasmid 
found in the protozoan Tetrahymena. This plasmid DNA was 
cleaved with Bam HI and the end fragments were ligated to Bgl 
Il-cut pSZ213. Since Bam Hl-cut and Bgl Il-cut ends of DNA are 
complementary they can be joined by ligase but the product of 
ligation is not a substrate for either enzyme. Consequently both 
Bam HI and Bgl II endonucleases were present in the ligation 
mixture to cut circularized or dimerized vector molecules and 




(b) 
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Fig. 9.3 (a) Simplified map of plasmid pSZ213 used for cloning yeast 
telomeres. The plasmid has no Bam HI sites and insertion of telomeric 
DNA at the unique Bgl II site inactivates the hisZ^ gene, (b) Structure of 
a linear plasmid constructed from pSZ213 showing the asymmetric 
location of the unique Pvu I site. The open triangles indicate the 
location of Bam/Bgl joints created when the telomeric DNA (indicated 
with a T) was added to Bgl Il-digested pSZ213. . 



dimerized end fragments. In this way the desired linear vector 
carrying Tetrahymena telomeres accumulated in the reaction 
mixture and it was purified by agarose gel electrophoresis. 

The linear plasmid containing the Tetrahymena telomeres 
retains the LeuZ'*' marker and this was used for selection of 
transformants in yeast. Since YRp vectors are capable of 
integration/ those transformants in which the linear plasmid 
was replicating autonomously were detected by their mitotic 
instability. Restriction mapping showed that the plasmid in the 
unstable transformants is a linear molecule identical in 
structure to the linear molecule constructed in vitro and used in 
the transformation. Furthermore, the ends of Tefrnhymena 
rDN A have three unusual structural feattares: a variable number 
of short, 5'-CCCCAA-3' repeat units, specific single-strand 
interruptions within the repeated sequences and a cross-linked 
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terminus. All three structural features were maintained when 
the Tetrahymcna sequences were cloned in yeast. 

The linear plasmid carrying the Tetrahymcna telomeres has a 
single, asymmetrically placed target site for endonuclease Pvu l. 
This enzyme cuts yeast DNA into approximately 2000 
fragments and since yeast has 17 chromosomes 34 of these 
fragments should contain telomeres. After ligating Pvu I- 
digested chromosomal and plasmid DNA unstable Leu^ trans- 
formants were selected. Many of the plasmids generated in this 
way would have multiple yeast Pvu l fragments ligated onto 
the vector followed by either a yeast end or an end derived from 
the vector. These plasmids would be as large as or larger than 
the original vector. In contrast, the ligation of a single Pvu I 
telomere fragment from yeast> smaller than the Tetrahymena- 
containing fragment being replaced, would yield a linear 
plasmid smaller than at the start. After size screening of the 
plasmids from the transformants three plasmids carrying a 
yeast telomere at one end were identified. Analysis of these 
plasmids shows that yeast telomeres have at least some of the 
structural features of Tetrahymena telomeres. Furthermore, their 
use as hybridization probes suggests that all yeast telomeres are 
structurally similar. 



Stability of yeast cloning vectors 

As noted earlier, YRp vectors are not stably maintained by yeast 
cells and, in the absence of selection, are quickly lost from the 
population. By contrast, the segregational stability of YCp 
vectors which carry a yeast centromere is considerably greater 
than that of YRp vectors. Murray and Szostak (1983a) have 
found that YRp vectors have a strong bias to segregate to the 
raother cell at mitosis. This segregation bias explains how the 
fraction of plasmid-bearing cells can be small despite the high 
average copy number of YRp vectors. The presence of a 
centromere eliminates segregation bias thus accounting for the 
increased stability of YCp vectors relative to YRp vectors. YEp 
vectors are stably maintained in yeast cells provided the strain 
contains endogenous intact 2 |im circles. In the absence of en- 
, dogenous 2 ^im circles YEp vectors show maternal segregation 
bias. 

Despite the fact that YCp vectors are relatively stable, they 
are still 1000 times less stable than bona fide yeast chromosomes. 
However, YCp vectors and YRp vectors are circular molecules 
whereas chromosomes are linear molecules. A linear plasmid 
vector, carrying a centromere would be much more represen- 
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tative of a yeast chromosome. Dani and Zakian (1983) con- 
structed linear yeast plasmids but found that stability was 
reduced relative to the circular plasmid. However, Murray and 
Szostak (1983b) found that stability of linear yeast plasmids was 
related to size. Thus artificial yeast chromosomes which were 
55 kb long and contained cloned genes, ars, centromeres and 
telomeres had many of the properties of natural yeast 
chromosomes. When the artificial chromosomes were less than 
20 kb in size, centromere function was impaired. 

Whereas the stability of linear YCp vectors is dependent on 
size this is not true of YRp vectors. Murray and Szostak (1983a) 
constructed a linear YRp vector and found that it did not exhibit 
maternal segregational bias. The model used by them to explain 
these results is as follows. During DNA replication there is an 
association between ars elements and fixed nuclear sites. 
Replicated molecules remain attached to this site which is 
' destined to segregate to the mother cell. The replicated 

plasmids will exist initially as catenated dimers which 
subsequently are resolved. If the dimers are attached to the 
putative segregation site by only one of their constituent 
monomers, their resolution by topoisomerase activity would 
release one monomer from each dimer and this monomer 
would be free to segregate at random to either the mother or the 
daughter cell. With linear plasmids, replication will produce 
two linear molecules which are not interconnected. Thus prior 
to mitosis there will be at least one freely segregating molecule 
and this explains the increased stability of linear YRp vectors. 

Expression of cloned genes in yeast 

As might be expected, most cloned yeast genes are expressed 
when reintroduced into yeast. More surprising, some bacterial 
genes are also expressed in yeast (Cohen et al. 1980, Jimenez & 
Davies 1980) and in one instance expression was dependent on 
a bacterial promoter (Breunig et al. 1982). Since Struhl and 
Davies (1980) showed that a yeast promoter is functional in 
E. coli it might be thought that transcription signals such as 
promoters can be active in prokaryotes and eukaryotes. 
However, this clearly is not the case for a number of workers 
failed to get expression of foreign genes in yeast. Thus Rose et 
al. (1981) obtained expression of (E-galactosidase in £. coli when 
it was under the control of either the E. coli Tc'* promoter or the 
yeast ura 3 promoter but achieved expression in yeast only with 
the latter promoter. When Beggs et al. (1980) introduced the 
rabbit P-globin gene into yeast, p-globin-specific transcripts 
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were obtained but transcription started at a position down- 
stream from the usual initiation site. Finally, even though a 
Drosophila gene corresponding to the yeast adeS locus has 
been identified by complementation, Drosophila genes 
complementing mutants at other yeast loci have not been 
obtained (Henikoff et al. 1981). 

Use of yeast promoters 

Because of difficulties in obtaining heterologous gene 
expression in yeast a number of groups have turned to the use 
of yeast promoters and translation initiation signals. Thus 
expression of the E. coli p-galactosidase gene was obtained 
by fusing it to the N-terminus of the ura2>, cycl and arg2> 
genes (Guarente & Ptashne 1981), Rose et al. 1981, Crabeel et al. 
1983). Expression in yeast of an interferon-alpha gene was • 
obtained by fusing it to either the pgk or trpl genes (Tuite et al. 
1982, Dobson et al. 1983). In many instances, expression of a 
mature protein rather than a fusion protein is required. To 
achieve this Hitzeman et al. (1981) started with a plasmid 
carrying the promoter and part of the coding sequence of the 
adhl gene (Fig. 9.4). This plasmid was cut with endonuclease 
Xho I for which there is a unique cleavage site downstream 
from the initiating ATG codon. The linearized vector was 
digested with nuclease Bal 31 to remove 30-70bp of DNA from 
each end of the molecule. The DNA then was incubated with 
the Klenow fragment of DNA polymerase and deoxynucleoside 
triphosphates to fill in the ends and synthetic Eco RI linkers 
added. After cleavage with endonucleases Eco RI and Bam HI 
the assorted fragments containing variously deleted adhl 
promoter sequences were isolated by preparative electro- 
phoresis. In this way six different promoter fragments were 
isolated, joined to an interferon-alpha gene and used to direct 
the synthesis of mature interferon in yeast. In a similar fashion 
synthesis of mature hepatitis B virus surface antigen was 
achieved from the adhl promoter (Valenzuela et al. 1982) and 
mature interferon-gamma from the pgk promoter (Derynck et al. 
1983). 

Factors affecting expression 

In all three instances where a mature foreign protein was 
synthesized in yeast the levels of expression were considerably 
less than that of yeast alcohol dehydrogenase I {adhl) or 3- 
phosphoglycerate kinase {pgk). There are a number of 
explanations; for example, Derynck et al. (1983) found that 
transcription was greatly reduced. Since the distance between 
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BamHL 



Digest with nucleases Xho I and Ba/ 31 



Treat with Klenow fragment of DNA polymerase I 



□gate on fcoRI linkers 



Cut with endonucleases Bam HI and £co RI 



G A T C C fMMBI^^HHi G 

G I^^^HHI^^^H C T T A A 

adh promoter 
fragment 

Fig. 9.4 The procedure used to generate adh promoter fragments. The 
adh promoter region in the starting plasmid is indicated by the 
black area. The grey area represents another gene fused to the N- 
tenninus of the adh gene. The distance between the unique Xho I site 
and tlie initiating ATG codoi^ is 17 bp. The arrow inside the plasmid 
circle (top) and above the adh promoter fragment (bottom) indicates 
the direction of transcription. 
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the promoter and initiating ATG codon is less than usual and 
the base sequences in the vicinity of the ATG codon are 
different, translation initiation might be reduced (c.f. E. coli, 
p. 141). Also, translation might be inefficient due to strong 
differences in codon usage between human and yeast genes, 
particularly since there is an extreme codon bias' in highly 
expressed yeast genes (Bennetzen & Hall 1982). Stepien et al, 
(1983) were unable to obtain detectable expression of proinsulin 
from a synthetic gene under the control of the ye^i-st adh 
promoter, in marked contrast to the results obtained with 
interferon a:nd hepatitis B surface antigen. Since proinsulin- 
specific mRNA was abundant, poor translation due to the 
absence of preferred codons could be an explanation. A more 
likely explanation is proteolysis of the proinsulin because 
detectable synthesis of proinsulin was obtained when the 
proiriRnli-n gpnp was fiiRpd in phase with the yeast galacto- 
kinase gene. This result is analogous to that obtained in E. coli 
with 3-galactosidase-somatostatin gene fusions (see p. 64). 

In an attempt to' identify those structural features which 
control expression of yeast genes, Dobson et al. (1982) compared 
the nucleotide sequence of the 5' flanking regions of 17 yeast 
genes. One sequence thought to be important for transcription 
initiation in eukaryotes was found in most of the yeast genes. 
This is the TATA box which is an AT-rich region with the 
canonical sequence TATAT/AAT/A usually located 25-32bp 
upstream from the transcription initiation site. Functionally it 
is equivalent to the Pribnow box of prokaryotes (see p. 139). 
Other sequences thought to be important for transcription 
initiation in eukaryotes were missing. With regard to 
translation initiation all the yeast genes had an adenine residue 
at position —3 and all except one had a pyrimidine, usually 
thymine, at position +6/ The poor expression of mature 
hepatitis antigen and interferons alpha and gamma could be 
explained by poor translation initiation since in each case one 
of these residues was not conserved. 

Ideally, cloned genes should be placed downstream from a 
controllable promoter and this is what Kramer et ah (1984) have 
done. They constructed a suitable vector using the promoter/ 
regulator region of the repressible acid phosphatase gene of 
yeast. An interferon gene was inserted into this vector. Yeast 
cells transformed with the resulting plasmid chimaera 
produced significant amounts of interferon only when grown in 
medium lacking inorganic phosphate. Furthermore, mutants 
in two acid phosphatase regulator genes (coding for a defective 
repressor and a temperature- sensitive positive regulator) were 
used to develop a yeast strain that grew well at 35 ^'C but 
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produced interferon only at 23 "C, independent of the 
phosphate concentration. 

Stetler and Thomer (1984) have developed a method for 
identifying yeast genes whose transcription is differentially 
regulated. The method is based on incorporation of the analogue 
4-thiouridine into nascent RNAs which are purified by affinity 
chromatography on phenylmercury agarose. The purified RNAs 
are used to prepare cDNA copies for screening of genomic DNA 

libraries by hybridization. Using this procedure several cloned 
yeast DNA segments were found whose transcription in vivo was 
modulated by exposure to mating honnone. These hormone- 
responsive genes fell into 3 major classes: first, genes expressed 
in vegetatively growing cells that were no longer transcribed 
after administration of mating factor; second, genes whose ex- 
pression was increased 10 to 20-fold after exposure to the mating 
hormone; finally, genes which were expressed only after mating 
factor treatment. 

It must be realized that control of gene expression in yeast is 
much more complicated than is apparent from the above dis- 
cussion. In-vitro mutagenesis of cloned genes followed by their 
reintroduction into yeast has resulted in the identification of 
cis-acting elements that modulate transcription despite the fact 
that they are located hundreds of nucleotides upstream of the site 
of transcription initiation. For a review of this topic the reader 
should consult Guarente (1984). 

Secretion of proteins by yeast 

Secretion of proteins synthesized in yeast can be achieved by 
the addition of a signal sequence. Hitzeman et al. (1983) 
constructed a series of plasmids in which either mature 
interferon or pre-interferon genes were placed downstream 
from a pgk promoter such that native, as opposed to fused, 
proteins were produced. Yeast cells carrying such plasmids 
synthesized interferon but only in those encoding pre- 
interferon was any interferon activity found in the medium. 
Sequencing of interferons purified from the growth medium 
showed that they had the same amino termini as the natural 
mature interferons. This result shows that yeast cells can 
recognize and correctly process a signal sequence from a higher 
eukaryote. 

Targeting of proteins to the nucleus 

The yeast nucleus contains a discrete. set of proteins which are 
synthesized in the cytoplasm. In order to elucidate the mech- 
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anism governing nuclear protein localization Hall et al. (1984) 
constructed a set of hybrid genes by fusing the yeast MAT alpha 2 
gene, encoding a presumptive nuclear protein, and the £. coli 
lacZ gene. A segment of the MAT alpha 2 gene product which 
v/as 13 amino acids long was sufficient to localize beta-galac- 
tosidase activity in the nucleus. The nuclear location of the 
beta-galactosidase was confirmed by immunofluorescence. 

Excision of introns by yeast 

Many eukaryotic genes contain non-coding regions called in- 
trons (see p. 189). Introns have two common structure features: 
their sequences begin with the dinucleotide 5'-GT-3' and end 
with the dinucleotide 5'-AG-3'. Besides these invariant 
nucleotides there is limited structural similarity at and around 
the intron-exon junction and consensus sequences have been 
derived from comparison of more than 100 junctions- Because of 
the similarity of these junction sequences in widely different 
species, e.g. yeast and man, it was thought that the mechanism 
of RNA processing to remove introns might be universal. 
Support for this idea came from the observation that monkey 
cells can splice out introns from mouse and rat genes, and 
mouse cells correctly splice transcripts of rabbit arid chicken 
genes. This raises the question whether yeast cells can remove 
introns from genes of higher eukaryotes. If so this would be of 
great practical value, for the presence of introns prevents 
shotgun cloning of functional eukaryotic genes in E. coli. 

To test the ability of yeast cells to excise introns from foreign 
genes Beggs et al (1980) transformed S. cerevisiae with a hybrid 
plasmid containing a cloned rabbit chromosomal DNA seg- 
ment including a complete p-globin gene with two intervening 
sequences and extended flanking regions. Yeast cells trans- 
formed with this chimaera produced p-globin specific mRNA. 
However, these globin transcripts were about 20-40 nucleo- 
tides shorter at the 5' end than normal globin mRNA, con- 
tained one intron and extended only as far as the first half of 
the second intron. This result could be taken to indicate that the 
splicing mechanisms in yeast and rabbit differ but it could be 
argued that a complete transcript is a prerequisite for RNA 
splicing and that the prematurely terminated globin RNA was 
not a substrate for the yeast splicing enzyme(s). Consequently, 
Langford et al. (1983) inserted into the intron-containing yeast 
actin gene an intron-containing fragment from either Acan- 
thamoeba or duck. In both instances yeast cells removed the 
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natural yeast intron but not the foreign intron from the 
chimaeric transcript. . „ 

Why are introns in foreign genes not removed by yeast cells? 
The sequence of the coding regions surrounding the splice site 
cannot be important, for Teem and Rosbash (1983) have 
inserted a yeast intron into the E. coli p-galactosidase gene and 
found that it is removed correctly in yeast cells. The most likely 
explanation is that sequences within the intron are required for 
correct splicing in yeast. In this context Langford and Gallwitz 
(1983) have found an octanudeotide (5'-TACT AACA-3') which 
occurs 20 to 55 nucleotides upstream from the 3' spUce site in all 
split protein-coding genes of S. cerevisiae analysed and which is 
absent from most inh-ons of higher eukaryotes. Single A-*C 
transversions in the fourth or eighth position of this sequence 
prevent splicing from occurring (Langford et al. 1984). 

CLONING IN OTHER MICROBIAL EUKARYOTES 

Compared with yeast there has been relatively little develop- 
ment of gene cloning systems in filamentous fungi. In an analo- 
gous experiment to that of Hinnen et al. (1978), Case et al. {1979) 
were able to transform Neurospora crassa with a cloned qa-2'^ 
gene, encoding catabolic dehydroquinase. As with yeast, three 
types of transformation event were distinguished: replacement 
of the qa-2- gene with the qa-2* gene, linked insertion of the 
cja-2-^ gene, and unlinked insertion. S huttle vectorsji avcbeen 
developeci_hy.,S-tohl..and Lambowitz (1983) and Hughes et al. 
(1983) fo r the transfe L_Qf gg r^es between j. co/i and N. cra ssa. 
So uthern blots show that th ese shuttli^ectors are pre sent in 
nuclear and cytosoli<^fractionJ^T37iitr-0j^iar As 
might be expected "tFTe frequencies ofjransformato of.Neuro- 

spora WithT^se^shu^^^ 

plasmids tha^' transform mainly by integration. 

By a modification of the procedure of Hinnen et al. (1978) 
Ballance et al. (1983) were able to transform Aspergillus nidulans 
with a pBR322-bome pi/r-4 gene of M. crassa. The available 
evidence suggests that the pyr-A gene and at least some of the 
pBR322 had integrated into the chromosome of the A. nidulans 
transformants. In a more definitive study Yelton et al. (1984) have 
shown that a cloned /i. nidulans trpC gene becomes mtegrated 
into the A. nidulans chromosome following transformation. 

Transformation of Podospora has been achieved with a hybrid 
plasmid consisting of E.coli plasmid pBR325 and defective 
mtDNA (Stahl et al. 1982). This hybrid plasmid replicated auton- 
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omously in Podospora where it expressed the Podospora sen- 
escence trait which is the successful competition of defec- 
tive mtDNA with wild-type mtDNA. 

Plasmids that replicate autonomously in the unicellular green 
alga Chlamydomonas reinhardii have been constructed by insert- 
ing random DNA fragments from this alga into a plasmid con- 
taining the yeast arg 4 locus. These plasmids transformed an arg 
auxotroph of C. reinhardii to prototrophy (Rochaix et al 1984). The 
presence of free plasmids in the transformants was demonstrated 
by hybridisation with a specific plasmid probe and by recover- 
ing the plasmids in £. coli. Analysis of the plasmids showed that 
they contained chloroplast DNA sequences functionally equiv- 
alent to the arg sequence of yeast. 



RRPID ScRyiCES UNSU 10:612-3136134 



16 nPR'96 18:09 No. 005 P. 02 



1 



YEAST 
MOLECULAR BIOLOGY— 
RECOMBINANT DNA 

Recent Advances 



Edited by 

Michael S. Esposito 

Lawrence Berkeley Laboratory 
Urtlverslty of California 
Berkeley, Callfomie 



np 



NOYES PUBL IC ATIONS 
Park Ridge, New Jertey, USA 



SI/2 -i Sf>(!'-" 



9561 "'iVi! 



^FIPID SERVICES UNSU 



ID:612-3136134 



16 fiPR'96 18:14 No. 005 P. 12 



Recombinant DNA 

A Short Course 



) 



1 



James D.Watson 
John Toozc 
David T. Kurtz 

COlO SPRING HARBOKlABORATORy ^ 



.St:iKWlFIC 

BOOKS 

Dirribv\tc<* by 



ROPID SERVICES UNSU 



ID:612-3136134 



16 ftPR'96 18:14 No. 005 P. 13 



UKWBISITY OF m. 
14 J UN 1989 
LIBRARY 



Cover iliuscraiion hy Marvin Manclson. 

Library of Congrcst Cataloging in Publication Data 
Warson. James D., 1928- 
Rccombinam DNA. 

Includes bibliographies and index- 

1. Recombinant DNA. I. Too»c, John. II. Kum. 
David T. HI. Title- IV. Tiilc: Recombinant D-N.A. 
fDNLM; 1, DNA. Recombinant. QU 58 W3J9r] 
QH442.W373 1983 574.873282 83-9069 
ISBN 0-7 167.1483-3 
ISBN 0-7167-1484-1 (pbk.) 

Ccpyrifiht © 1983 by James D. Watson John Toozc. and David T, Kurtz 

No pan of ihi* book may be reproduced by any mechanical, phoiographic* 
or elearonic procen, or in the form of a phonographic recording, nor may 
it be stored in a retrieval system, cransmiiied, or otherwise copied for public 
or private use, without permission from the publisher. 

Printed in tlw United States of America 

Scientific American Books is a subsidiary of Scientific American, Inc. 

Distributed by W. 11. Freeman and Company, 4l Madison Avenue, New 
York. New York lOOlQ 




RfiPID SERUICES UNSU 
X CX)NTBNTS 



10:61.2-3136134 



16 RPR'96 18:14 No. 005 P. 14 



Ovcikpping Genes Code for the Structural Protcini 'J^hac Surrouml the 

SV40 and Polyoma Qiromarin 129 
DiflFcrcnt Control Signals for the Initiation of Early and. laic SV40 and 

Polyoma tnRNA Synihesis 130 
A Region of Approxiinacely ICQ Base Pairs Kncompasscs the SV40 

(and Polyoma) Origin of DNA RcpUauion 1^1 
The Complex Or^fanization of RNA Tumor Viruws 

(Retrovitusei) 131 
Highly Oncogenic Rctrovirosci Contain Specific Oncogenic Sequences 
Provimses Maintain the Same Gene Order as RNA Genomes 1 32 
The Promoter of RNA Synthesis Is Located Within an LTR 133 
Retroviral Oncogenes Often Code for Protein Kinases 1 33 
Nonnal Cellular Geiics Arc die Progenitors of Reimvirel 

Oncogenes 134 
Deciding Whether Retroviral Oncogenesis Results from the 

OverexpriJiiion or the Misexprcssion of Normal Cellular 

Genes 134 

Cancer Induction by Weakly Oncogenic Retroviruses 135 
A Generalized Theory for the Induction of Cancer 135 

11, Movable Genes 140 

Transposon Movement Involves ihc Creation of a New Daughter 

Transposon 141 
Movable Genetic Klcmcnrs May Be Common Features of All 

Organisms 142 
Using Mobile Elements to Generically Hnginccr Drosophila 

Hmbryos 1 42 
Isolation of tht Ds Transposablc Element from Maize 144 
Have RNA Tumor Virus Genomes Evolved from Movable Genetic 

Elements? 145 
Are There Functionally Tvo Different Classes of Transposons? 145 
Sex Changes in Yeast by Gene Replacement; The Cassette 

Model H6 

Anrigenic Changes in Trypanosomes Through Gene Switching 147 
Antigenic Changes in Neisseria gonorrhoeae Through Gene 
Rearrongcmcn t 1 49 

1 2. The Experimentally Controlled Introduction of DNA into 
Yeast Cells 152 

Yeasr Spheroplasrs Take Up nxicmally Added DNA 1 52 

Rxprcssion of Yeast Genes in P.. atli 1 53 

Shurdc Vectors 153 

Yeast Also Contains a Pla^mid 153 



R^PID CERVICES -UNSU ID : 612-3136134 16 flPR*96 . 18:i5 No. 005 P. 15 

CX^NTHNTS Xi 



Increasing Tfaniformauon Efficiency by. Addition of Replication 
Origins 1 54 

Stabilizing Ycsa« Plasmidfi wiih Ycaar Ccnicomere DNA 1 >5 
Hairpin Loops bt die Ends (Telomere*) of Ycasi Chromosomes i 56 
Direacd InicgrRtioi) of Qoned DNA into die Yca« 

Chromosome 158 
Retriever Vcciors 1 59 
Gene Organ iz^uon 160 
ReguJaiion of Gene Expression in Yeast 161 

13. Genetic Engineering of Plants by Using Crown GaU Plasmids 164 

. C:onventiona) Plant breeding McthodoJogics l64 
* ' ^iani Cells in Culture 164 

^ RediffcrcntUrion of Whole Plants from Plant Culture Cells 164 
Plane Protoplasm Can Regenerate Whole Plants 165 
Making hybrid Plants by Protoplast Fusion 165 
Genetically Hn^sinccring Plants 167 
Crown Gflll Tumors 168 
TumoMnducing (Ti) Plasmids 168 
Ti Pla^mid Mutants 168 

Integration of T DNA into the Plant Chromosome 169 

Is T DNA a Transposon? 169 

Mcndeiian Inheritance of T DNA 169 

Ti Plasmid DNA Can Be Used as a Vector 170 

Transformation of Plain Cells and ProioplaUi 170 

Mobilization of T DNA by the vir Segment of the Ti Plasmid 171 

Attenuated T DNA Vectors Allow Regenerauon of Whole Plants from 

. Single Cells 171 

T DNA Insertion Can Be Used to Isolate Plant Genes i 73 
Practical Applications of Plant Engineering Using Ti Plasmids 173 

14. Transferring Genes into Mammalian Cells 176 

Ca++ Stimulates die Uptake of DNA by Vertebrate Cells 176 
Thymidine Kinase (Tk) Has Served as the Archetypal Selective Marker 

for Transfection Experiments 176 
Dominant- Acting Markers for Transformation of Normal Cells 177 
Cotransformarion Following Intracellular Ligation 1 7B 
Microinjection of DNA into Mammalian Cells 178 
Scmistablc Inheritance of Transfccted Methylated DNA 1 79 
Isolation of Transferred Genes 180 
Regulation Following Gene Transfer 181 
Establishing the Existence of Specific Human Cancer Genes by DNA 

Tnnsfcr Experimenta 183 
Cloning I luman Oncoge;:es 1 85 




Journal of Chromatography, 327 (1985) 327-332 

Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands 
CHROMSYMP. 538 

COMPARISON OF REVERSED-PHASE AND CATION-EXCHANGE HIGH- 
PERFORMANCE LIQUID CHROMATOGRAPHY FOR SEPARATING 
CLOSELY RELATED PEPTIDES: SEPARATION OF ASP^^-HUMAN PARA- 
THYROID HORMONE (1-84) FROM ASN^^-HUMAN PARATHYROID HOR- 
MONE (1-84) 



KUMIKO YOSHIZAWA KUMAGAYE, MICHIHIRO TAKAI, NAOYOSHI CHINO, TERUTOSHI 
KIMURA and SHUMPEI SAKAKIBARA* 

Peptide Institute, Inc., Protein Research Foundation, Minoh-shi, Osaka 562 (Japan) 



SUMMARY 

Cation-exchange high-performance liquid chromatography (CE-HPLC) was 
compared with ordinary reversed-phase high-performance liquid chromatography 
(RP-HPLC) for separating closely related peptides. Some synthetic samples of bra- 
dykinin and angiotensins, which were homogeneous according to RP-HPLC, were 
found to be inhomogeneous when analyzed by CE-HPLC. On the other hand, dia- 
stereomeric peptides could be separated much more efficiendy by RP-HPLC than by 
CE-HPLC. These results indicated that the purity of synthetic peptides chould be 
checked not only by RP-HPLC but also by ion-exchange HPLC. In the case of 
human parathyroid hormone (hPTH), baseline separation of Asp''<*-hPTH from 
Asn'^^-hPTH- by RP-HPLC was not possible, but was by CE-HPLC. Using this 
method we confirmed that the Asn residue in hPTH at position 76 could not be 
converted into the Asp residue under the conditions used to isolate and purify it from 
human organs. 



INTRODUCTION 

In 1978, Keutmann et al.^ found the amino acid sequence of human parathy- 
roid hormone (hPTH) to be a linear peptide with 84 amino acid residues when they 
applied Edman degradation reactions to an isolated hormone. The structure of the 
same peptide was deduced by Hendy et al^ from sequence analysis of the cDNA; 
both structures were identical except for the residue at position 76, which was thought 
to be Asp from the Edman degradation analysis and Asn from the DNA analysis. 
When the new structure was reported, the previous one with Asp at position 76 was 
suspected to be an artifact which might have been formed by spontaneous deami- 
dation of the Asn residue during isolation or purification of the natural peptide. To 
verify this, we synthesized both Asn'^^^-hPTH and Asp'^'^-hPTH bv the solution pro - 
cedure^'^, and examined their separation bv ordinary reversed-phase high-perform - 
ance liquid chromatography TRP-HPLC). Under isocratic conditions, the hormones 
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were eluted very close together but with clearly different retention times. However, 
when injected into the same column as a mixture, the peptides were eluted together 
as a rather broad peak^ ^ In the present study we have tried to establish conditions 
for separating such closely related peptides by HPLC. 

Recently, ion-exchange type columns have been introduced for HPLC and 
their usefulness in separating peptides and proteins has been reported**-''. In order to 
elucidate the characteristic features of the new technique, we compared the resolving 
power of cation-exchange HPLC (CE-HPLC) with that of ordinary RP-HPLC by 
using some synthetic peptides as test samples. We also used the CE-HPLC technique 
to find the conditions for separation of the two hPTH analogues, and then applied 
them to determine whether or not Asp'^^-hPTH is an artifact formed during isolation 
of hPTH from organs. 

EXPERIMENTAL 

Materials 

Commercial samples of angiotensin I (AngI) and bradykinin (BK) were pur- 
chased from Peninsula Laboratories (Belmont, CA, U.S.A.), UCB Bioproducts 
(Bruxelles, Belgium) and Bachem (Bubendorf, Switzerland). Other peptides were syn- 
thesized by solution procedures in oEir laboratory using previously reported 
methods^ The reagents and solvents for chromatography were of HPLC-reagent 
grade. The water used was distilled in a Toyo Aquarius Model GS-20N still (Toyo 
Kagakusangyo, Tokyo, Japan). 

CE'HPLC 

CE-HPLC was carried out on a Shimadzu liquid chromatograph Model LC- 
4 A (Kyoto, Japan) equipped with a Rheodyne 7125 syringe-loading sample injector, 
a Shimadzu variable-wavelength UV detector Model SPD-2AS, a Shimadzu colum.n 
oven Model CT0-2AS and a Shimadzu data processor Chromatopac C-R2AX. The 
column (250 x 4.6 mm LD.) was packed with a cation-exchange resin, TSK gel 
CM-2SW (Toyo Soda, Tokyo, Japan). Two solvent systems were used: A, 10% ace- 
tonitrile in 20 mM sodium phosphate buffer (pH 6.0); B, 10% acetonitrile in 20 mM 
sodium phosphate buffer (pH 7.0) containing 0.5 M sodium chloride. Elution was 
performed at 42*'C at a flow-rate of 0:8 ml/min; other conditions are as stated in the 
Figs. 

RP-HPLC 

RP-HPLC was performed on a Hitachi liquid chromatograph Model 638-30 
equipped with a multi-wavelength UV monitor Model 635M (Tokyo, Japan); the 
column (150 X 4.0 mm I.D.) was packed with Nucleosil 5 Cis (Macherey-Nagel, 
Diiren, F.R.G.). Chromatography was carried out at a flow-rate of 1.0 ml/min at 
ambient temperature unless stated otherwise. 

Test of conversion of Asn'^^-hPTH into Asp'^^-hPTH 

Asn^«-hPTH (15 /ig) was dissolved in 75 /zl each of water, O.I M ammonium 
acetate buffer (pH 2,5, 5.0 or 7.5), 0.1 M ammonium hydrogen carbonate buffer (pH 
8.7) or 4% trichloroacetic acid (TCA). After the solution had been kept for 1 day or 
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5 days at room temperature, 35 pil from each solution were lyophilized twice; the 
residue was dissolved in 20 mM sodium phosphate buffer (pH 6.0) and subjected to 
HPLC. With the TCA solution, the whole mixture was lyophilized after it had been 
kept for 1 day at room temperature, and the residue was subjected to HPLC after 
it had been dissolved in a 20 nxM sodium phosphate buffer (pH 6.0). 

RESULTS AND DISCUSSION 



As reported previously^, various angiotensin II (Angll) analogues, such as 
^-Asp*-, D-Asp*-, D-Tyr"^-, Val^-, Leu^-, des-Ile^-, D-His*^- and o-Phe^-Angll, were 
clearly separated by RP-HPLC, except for j?-Asp*-AngII, which is always eluted 
together with Asp*-AngII in our RP-HPLC system. The separation could be slightly 
improved by increasing the pH of the buffer system, but it was far from a baseline 
separation. CE-HPLC enabled a clear separation of the two Angll analogues as 
shown in Fig. I . These results indicate that the purity of synthetic peptides containing 
Asp residue(s) should be checked not only by RP-HPLC but also by CE-HPLC. 
Particularly important is the detection of )?-Asp-containing peptide since some Asp 
residue(s) in peptides have a great tendency to be converted into P-Asp residue(s) 
during various steps of their synthesis. We applied these techniques to test the hom- 
ogeneity of commercially available samples of Angl. As expected in RP-HPLC, all 
samples looked homogeneous, but in CE-HPLC they were found to be contaminated 
by j5-Asp-AngI, in the range of 2.3-17%, and by various other minor contaminants; 
a typical elution pattern is shown in Fig, 2. 



-100 



■50 



CQ 



0 10 20 30 40 min 

Fig. I. Separation of ^-Asp'- and Asp* -angiotensin II by CE-HPLC. Column: TSK gel CM-2SW (250 
X 4.6 mm I.D.). The column was equilibrated with solvent A, and then the peptide was eluted with solvent 
B using a gradient as shown in the figure. See text for other details. Peaks: I = ^- Asp* -Angll; II = 
Asp'-Angll. 

Next, we tested the homogeneity of commercial bradykinin (BK) samples since 
this peptide is also widely available. Only one commercial sample gave a single peak 
in RP-HPLC, but the shape was somewhat broader than that of our standard sample. 
Even the best sample gave a relatively large extra peak in CE-HPLC as shown in Fig. 
3; the peak area was about 13% of the total. The structure of the component in the 
side peak was examined by chymolryptic mapping in HPLC and by amino acid 
analysis; it was confirmed to contain a normal bradykinin sequence (1-8), identical 
with that isolated from an authentic sample, together with one Orn residue instead 
of one Arg residue. Thus, the main component of the side peak was Orn'-BK. 
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(a) RP 



I + 11 



(b) CE 



Fig. 2. RP- and CE-HPLC profiles of a commercial Angl. (a) RP-HPLC Column: Nuclcosil 5CI8 (150 
X 4 mm I.D.). Gradient: 10-60% acctonitrile in 10 mM H3PO4-K2HPO* (pH 2.6) containing 50 mM 
NajSO*. (b) CE-HPLC. Column and eluiion conditions as in Fig. 1. Peaks: I = ^-Asp^-Angl; II = 
Asp^-Angl. 



(a) RP 



(b) CE 



I + II 



Fig. 3. RP- and CE-HPLC profiles of a commercial bradykinin. (a) RP-HPLC. Column and elution 
conditions as in Fig. 2. (b) CE-HPLC. Column as described in Fig. I. It was equilibrated with 20% B in 
A before applying the peptide; then the peptide was eluted with solvent B using a gradient as shown. 
Peaks: I = Orn'-BK; II = BK. 



Today, many peptides are synthesized by a solid-phase procedure and purified 
simply by a RP-HPLC system; the present results clearly indicate that the purification 
of synthetic peptides by RP-HPLC is not sufficient to obtain homogeneous products. 

With regard to the separation of peptide diastereomers, the usefulness of 
RP-HPLC has been recognized by many groups, and several examples of diaster- 
eomer separation have been reported by Dizdaroglu's group who used a weak 
anion-exchange column. We also tried to separate D-Ala''^,Asp''**-hPTH (39-84) from 
the L-peptide by our CE-HPLC, but we were unsuccessful despite the good separation 
of the same compounds in our RP-HPLC system^ A similar result was obtained 
with a pair of shorter peptides, D-Glu^^-hPTH (18-28) and its L-isomer. However, 
in the case of human growth hormone-releasing factor (hGRF), D-Leu^^.^CRp^i- 
44)-NH2 was clearly separated from its original L-pcptide not only by RP-HPLC* ^ 
but also by CE-HPLC as shown in Fig. 4. From these observations, we concluded 
that some diastereomeric isomers can be separated by lE-HPLC but the system may 
not be suitable in general for detecting racemization during peptide synthesis. 

Finally, we examined the separation of Asp'^*^-hPTH (1-84) from Asn'^*^-hPTH 
by the CE-HPLC system. Clear separation was achieved even when a 1:1 mixture 
was apphed, as shown in Fig. 5. This CE-HPLC technique was then used to detect 
possible conversion of the Asn residue into Asp under the various conditions used 
to isolate and purify natural hPTH; that is, the peptides were kept in water, 0.1 M 
ammonium acetate solution (pH 2.5, 5.0 or 7.5), 0.1 M ammonium hydrogen car- 
bonate solution (pH 8.7) or 4% TCA solution for a maximum of 5 days at room 
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Fig. 4. Separation of D-Leu"-hGRF(I-44>-NH2 and the all-L-peptide by CE-HPLC. Column and elution 
conditions as in Fig. 3b. Peaks: I = D-Leu".hGRF(I-44)-NH2; II = hGRF(l^).NH2. 




0 10 20 30 40 min 

Fig. 5. Separation of Asp^<*- and Asn'**-hPTH(l-84) by CE-HPLC. (a) Application of compound I only; 
(b) application of compound 11 only; (c) application of a mixture of I and II. Column and elution con- 
ditions as in Fig. 3b. Peaks; I - Asp^*-hPTH(l-84); II = Asn'^<»-hPTH(l-84). Arrows indicate the peak 
positions of Met(0)-containing peptides. 



temperature^ \ No dear evidence of conversion of the Asn residue into Asp was 
obtained. Recently, Gleed et al.^* confirmed, by using radioimmunoassay, that our 
synthetic Asn'^^-hPTH had better cross-reactivity with an antibody, raised against an 
isolated natural hPTH, than our Asp'^'^-hPTH. Furthermore, the cross-reaction curve 
of Asn^^-hPTH was completely parallel to that of the natural hormone. From this 
evidence, together with the results of the above conversion tests, we concluded that 
the Asp''* structure claimed for hPTH might have been due to misreading the results 
of the original Edman degradation reactions. 
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Total Solid-Phase Synthesis, Purification, and Characterization of Human 
Parathyroid Hormone-(l-84)^ 

T. Fairwcll.* A. V. Hospattankar, R. Ronan, H. B. Brewer, Jr., J. K. Chang, M. Shimizu, L. Zitzner, 
and C. D. Arnaud 



abstract: T he complete sequence of human parathyroid 
hormone [Keutmann, H. T., Saucr, M. M., Hendy, G. N., 
O'Riordan, J. L. H., & Potts, J. T., Jr. (1978) Biochemistry 
17, 57 231 has been synthesized bv the sniirf-phase method 
employing the phenylacetamidomethyl resin. Glutamine and 
asparagine were attached to the peptide chain by using active 
ester coupling, and all other amino adds were coupled by using 
dicyciohexylcarbodiimide. Double coupling was employed at 
every cycle of the synthesis, and both deprotection and coupling 
were monitored qualitatively. The peptide was cleaved from 
the resin along with the majority of the side-chain protecting 
groups by anhydrous hydrogen fluoride, and the formyl group 
from tryptophan was removed by treatment with 1 M piper- 
idine in 8 M urea. The synthetic protein was purified by 
ion-exchange chromatography on CM-Sephadex, and_tli£. 
fraction eluting at the position of the native hormone under 



identical conditions was found to have 100% of the biological 
activity of the native hormone. This fraction was subjected 
to further CM-Sephadex chromatography under identical 
conditions, and the final product was found to be homogeneous 
by amino-lerminal analysis, column chromatography, disc ge! 
electrophoresis, and isoelectric focusing Thr nvf rail yield of 
t he pure isolated protein was 12%. The structure of the 
synthetic protein was verified by (I) sequence analysis using 
the Edman degradation procedure, (2) amino acid composition, 
(3) comparison of the biological activity in vitro by the ade- 
nylate cyclase assay using dog and rat renal plasma mem- 
branes, and (4) comparison of the immunological activity 
specific to the intact molecule as well as an assay specific for 
the "mid region" of the molecule with the corresponding native 
human and bovine hormones. 



IRrathyroid hormone has a major role in the modulation of 
the calcium concentration in blood, and the primary amino 
acid sequence of bovine (Brewer & Ronan, 1970; Naill et al., 
1970) and human parathyroid hormone (bPTH and hPTH, 
respectively)* (Keutmann et al., 1978) has been reported. The 
majority of the biological and physiological studies of hPTH 
have been performed by utilizing synthetic fragments of the 
hormone, and fragments covering the complete sequence have 
been synthesized (Tregear et al., 1974; Rosenblatt et al, 1978). 
However, the total synthesis of this 84 amino acid peptide by 
using the solid-phase method was considered difficult because 
of the limitations associated with the synthesis of large peptides 
or proteins using the conventional Merrifield resin, A major 
problem with solid-phase synthesis techniques is the complexity 
of the final product, especially during the syntheses of long 
peptides (Merrifield, 1969). In addition to the incomplete 
reactions at various steps during the synthesis, the peptide can 
rearrange or cleave off from the solid support. The conven- 
tional Merrifield resin, 1% or 2% cross-linked poly(styrene- 
c^ivinylbenzene) resin, undergoes extensive acidolysis during 
long peptide synthesis which reduces the overall maximum 
yield. As a result, attempts to synthesize larger peptides like 
ribonuclease A (Gutte & Merrifield, 1971) and human leu- 
kocyte interferon (Smith et al.. 1981) resulted in relatively low 
yields. In addition to the yield, the heterogeneity of the final 
product frequently is significant, making it difficult to isolate 
the protein to homogeneity. Thus, the stability of the pep- 
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tidc-rcsin bond to acidolysis is of paramount importance in 
solid-phase peptide synthesis. 

The [I[4-(oxymcthyl)phcnyl]acclamido]mclhyl]poly(sty- 
rene-co-divinylbcnzcnc) resin (PAM resin) introduced by 
Merrifield and his co-workers (Mitchell cl al., 1976) possesses 
increased acid stability. The electron-withdrawing phenyl- 
acetamidomethyl (PAM) group inserted between the peptide 
and the polystyrene matrix increases the acid stability (e.g.. 
50% trifiuoroacetic acid in methylene chloride) of the peptide 
ester by 100-fold relative to the peptide ester from the con- 
ventional Merrifield resin, Use of this resin not only increases 
the yield but also has the added benefit of greatly reducing 
trifluoroacetylation, which results in chain termination. As 
a result, the PAM resin enhances the applicability of the 
solid-phase method for the synthesis of longer peptides. 

We undertook the chemical synthesis of human parathyroid 
hormone in order to prove the stability and uscfulricss of the 
PAM resin. hPTH was selected because of its siz.c, because 
it is a well-characterized protein which has been studied in 
some detail, and, most importantly, because it is in extremely 
short supply from the native source. We report here in detail 
the first successful solid-phase synthesis of a long polypeptide. 
hPTH, by using the PAM resin and iu physical characteristics, 
biological activity, and immunological properties. In addition, 
the physiochemical properties of synthetic hPTH are compared 
to those of the native human and bovine parathyroid hormones. 

Materials and Methods 

The published procedures (Barany & Merrifield. 1979; 
Merrifield, 1969; Erickson & Merrifield, 1976) for the au- 
tomated solid-phase method were followed with minor mod- 
ifications. The PAM resin was prepared accordir.g to the 



' Abbreviations: hPTH. human parathyroid hormone: bPTK, bovine 
parathyroid hormone: HF. hydrogen fluoride; DCC, dic>-clohexyIcarbo- 
diimidc; TFA. trifiuoroacetic acid; DMF. dimethylformamidc; CI*Z, 
or-Boc-t-o-chlorobcnzyloxycarbonyl-L-lysinc. 
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modified procedure of Tarn et al. (1979). The 4-[[[l(tert- 
butyloxycarbonyl)gIutaminyI]aminoacyl)oxy]methyll- 
benzeneacelic acid was prepared first in excellent yield (40%)» 
as well as purity, and was coupled to the aminomelhyl resin 
{\% cross-linked, 100-200 mesh) by using DCC. A relatively 
low substitution level of 0.2 mM/g of resin was used in this 
synthesis. The excess free amino groups of the resin were 
blocked by acctylation by using yV-acetylimidazole. A sample 
of the resin was dcprolectcd with 50% TFA-CH2CI2 and 
hydrolyzed in HCI-propionic acid, and the glutamic acid was 
quantitated by amino acid analysis to be 0.197 mmol/g of 
resin. 

The Boc-Gln-PAM resin (3.5 g, 0.69 mM Gin) was placed 
in the reaction vessel of a Beckman 9908 peptide synthesizer, 
and the instrument was programmed to perform the synthesis 
automatically. However, a more controlled synthesis with 
frequent monitoring was performed which, for all practical 
purposes, was performed semiautomatically. All amino acids 
were protected at the a-amino position with the tert-buiyl- 
oxycarbonyl group (Hoc), a mild acid-labile protecting group, 
except for arginine, where the more soluble amyloxycarbonyl 
(Aoc) derivative was employed. The following side-chain 
protecting groups were used: Asp (OBzl), Giu (OBzl), Ser 
(Bzl), Thr (Bzl), Lys (Cl-Z), Arg (Tos), His (Tos), and Trp 
(CHO). The side chain of methionine was left unprotected. 
Boc or Aoc groups were removed at each cycle of the synthesis 
by treatment with TFA-CHjClj. Initially, a 25% solution of 
TFA was used, and the acid concentration was increased to 
30% by step 15 and to 35% by step 25, and a concentration 
of 40% was used from step 40 to the end of the synthesis. A 
reaction time of 30 min was found to be sufficient for complete 
deprotection of even the sterically hindered amino acid residues 
in this protein. 

All couplings, except for asparagine and glutamine, were 
performed by the dicyclohexylcarbodiimide (DCC) method, 
which has been used successfully for the synthesis of numerous 
peptides. A 4.2-mmol sample of Boc-amino acid, a 6-fold 
excess, in methylene chloride was added to the peptide resin 
followed by an equimolar amount of DCC in CH2CI2. Because 
of their low solubility, Aoc-Arg (Tos) and Boc-His (Tos) were 
dissolved in a 1:1 mixture of CH2CI2-DMF. The reaction time 
for all DCC couplings was 2 h, and double coupling was 
employed at every cycle. Both deprotection and coupling were 
qualitatively monitored by the Kaiser ninhydrin test (Kaiser 
ct al., 1970). Boc-Asn and Boc-GIn were coupled as their 
/7-nitrophenyi esters in DMF, employing a 10-fold excess of 
the Boc-amino acid and a reaction time of 16 h. Double 
coupling was also employed in these reactions, and after every 
second active ester coupling, the peptide resin was treated with 
/V-acetylimidazole (Markley & Dorman, 1970) to block any 
unrcacted amino group. 1,2-Ethancdithiol (1%) was added 
to TFA in CH2CI2 during all cleavages after the first me- 
thionine was attached to the peptide resin to protect the me- 
thionine residues from any acid-calalyzcd oxidation. Boc- 
A^''-formyltryplophan was used in order to protect the indole 
nucleus of tryptophan from oxidation (Ohno el al., 1973). To 
avoid dilution of the acid and to swell the resin properly, wc 
included a preliminary 2-min wash with acid before the de- 
protection step. The irifluoroacctale salt was neutralized by 
a prewash with 10% tricthylamine in CH2CU followed by two 
8-min treatments with the same reagent. 

After the complete primary sequence of hPTH was syn- 
thesized, the last Boc group was removed with TFA prior to 
the HF cleavage. The peptide was cleaved from the resin with 
the simultaneous removal of the side-chain protecting groups 



by treatment with anhydrous HF. One gram of the protected 
peptide resin was treated with anhydrous HF (10 mL) in the 
presence of anisole (2 mL) and methyl ethyl sulfide (0.25 mL) 
as scavengers at -20 ®C for 15 min and at 0 °C for 60 min 
as previously described (Sakakibara et al., 1967). Excess HF 
was removed under high vacuum, and the residue was washed 
3 times with anhydrous ether. The peptide was extracted with 
aqueous acetic acid (10%) and lyophilized. The crude peptide 
was treated with 50 mL of 5% sodium bicarbonate in order 
to reverse any N O acyl shift, which might have occurred 
during the HF cleavage (Sakakibara et al.. 1962). After 2 
h at pH 7.5, the synthesized polypeptide was dialyzed at 4 **C 
against distilled water and lyophilized. The A^''-formyl group 
from the tryptophan was removed by treating the protein with 
1 M pipcridine in 8 M urea at 0 ^'C for 45 min (Ohno el al., 
1973). 

Purification. The crude peptide was initially desalted by 
gel filtration on a Bio-Gel P-2 column in 0.1 M acetic acid. 
The fractions corresponding to the major peptides were pooled 
and lyophilized, and the protein was chromatographed on a 
CM-Sephadex ion-exchange column (13 x 0.5 cm). The 
column was equilibrated with 0.05 M ammonium acetate in 
6 M urea al pH 5.6 (buffer A). Crude synthetic hPTH was 
dissolved in 0.025 M ammonium acetate in 6 M urea and 
applied to the column. Initially, 30 mL of buffer A was passed 
through the column, followed by a gradient of O.l 1-0.25 M 
ammonium acetate-6 M urea at a fiow rate of 6 mL/h. All 
fractions were collected and tested for the biological activity 
in vitro by the activation of renal adenylate cyclase. Fractions 
showing maximal activity (90-100%) were pooled and desalted 
on a Bio-Gel P2 column in 0.1 M acetic acid. The synthetic 
peptide was further purified by two additional fractionations 
under similar experimental conditions which yielded a single 
component on CM-Sephadex C-25 chromatography. The final 
yield of the purified synthetic hPTH was 12%. Native human 
and bovine parathyroid hormones were purified by gel filtration 
and ion-exchange chromatography as described earlier (Brewer 
& Ronan, 1970; Brewer et al., 1972). 

Purity Assessment, Amino acid sequence analysis of the 
synthesized peptide was carried out in a modified Beckman 
890B peptide sequencer by using the procedure described by 
Fairwell & Brewer (1979). Approximately 600 nmol of the 
synthetic peptide was used, and the degradations were carried 
out for 60 cycles. The phenyllhiohydantoin amino acids were 
identified quantitatively by high-performance liquid chroma- 
tography (HPLC) (Zimmerman et al., 1977) as well as by 
chemical ionization mass spectrometry (Fairwell & Brewer, 
1 980). A large quantity (5-10%) of the derivative of each step 
in the sequence was used for the HPLC analysis, which per- 
mitted the detection of a preview of the next residue of as little 
as 0.01 %. The amino acid composition of the crude peptide 
as well as the purified material from the CM-Sephadex column 
was determined on a Beckman 120 analyzer after acid hy- 
drolysis in constant-boiling HCl at 1 10 **C for 24 h in the 
presence of mercaploethanol. 

Polyacrylamidc gel electrophoresis in the presence of 8 M 
urea was performed al pH 4.4 (0.6 X 8.5 cm glass tubes) by 
utilizing a stacking gel (2.5% acrylamidc with 7.4% cross- 
linkage) and a running gel (10% acrylamidc with 2% cross- 
linkage). The anodic buffer (pH 5.3) contained 0.05 M 
KOH-0.06 M acetic acid in 2 M urea, and the caihodic buffer 
(pH 6.1) was 0.05 M /?-aIanine and 0.045 N acetic acid in 2 
M urea. Protein samples (10-15 ^ig) were dissolved in 50 
of the caihodic buffer containing 25% sucrose. Methyl green 
was used as the tracking dye. Electrophoresis was performed 
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FIGURE 1: Amino acid sequence of hPTH showing the side-chain protecting groups used during the synthesis. The synthesis was started from 
the glulaminc at the C terminal. 

at 2-5 mA/tube for 2 h, and the gels were fixed with 20% 
trichloroacetic acid for 16 h followed by staining with 1% 
Coomassie blue for 6 h. Destaining was carried out with 7.5% 
acetic acid. 

Polyacrylamide gel isoelectrofocusing was performed at a 
pH range of 3-10. Protein samples were isoelectrofocused in 
a 7.5% acrylamide disc gel (0.6 X 7.5 cm glass tubes) con- 
taining 8 M urea and 3% amphoiine for 21 h by applying a 
constant voltage (250 V). Gels were stained with 0.2% 
Coomassie brilliant blue G-250 in 12% trichloroacetic acid for 
16 h and deslained with 7.5% acetic acid. 

Bioassay and Immunoassay, Biological activity of the 
synthetic peptide in vitro was performed in two systems by 
using rat renal and dog renal plasma membranes (Krishna et 
al., 1968; Marcus & Aurbach» 1971; Nissensen & Arnaud, 
1 979). The dose-response curve of the peptide was determined 
in triplicate within the linear portion of the curve. An MRC 
standard, bovine native parathyroid hormone (MRC 72/286), 
with a potency of 2600 lU/mg, was used as the standard. 

The immunological assay for hPTH was performed ac- 
cording to the procedure described by Arnaud et al. (1971). 
"Intacf* PTH was assayed by using antiserum CM-12M. 
Midregion-specific immunoreaclivity was assessed by using 
antiserum GPIM (Gallagher et al,, 1980). 

Results 

The amino acid sequence of human parathyroid hormone 
with the side-chain protecting groups assembled on the PAM 
resin is illustrated in Figure 1. The total weight of the fully 
protected peptide-rcsin was 85% of the calculated theoretical 
amount, based on the amount of glutamine initially attached 
to the resin. This can be considered as a nearly quantitative 
yield, considering the fact that small aliquots of sample were 
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ncuRE 2: Elution profile of crude synthetic hPTH on CM-Scphadcx 
C-2S using a linear gradient of ammonium acetate in 6 M urea. 
Bioassay using the in vitro dog renal adenylate cyclase assay system 
indicated that pools 4 and S contained maximal biologically active 
peptide (shaded area). Fractions contained in this area were pooled 
for further purification (see Figure 3). 

removed twice at each cycle for the Kaiser ninhydrin test. 
Amino acid analysis of the crude peptide showed a 64% yield 
following HF cleavage. 

The crude peptide was initially desalted by gel chroma- 
tography on Bio-Gel P-2. The major fraction was purified by 
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FIGURE 3: Rechromaiography of biologically active synthetic hPTH 
on CM-Sephadcx C-25. Fractions corresponding to the major peptide 
(IOO-I40 mL) were pooled and desalted. 



Table I: Amino Acid Composition of Purified hPTH*^ 




theoretical 


synthetic 


amino acid 


composition 


hPTH'' 


aspartic acid 


10 


10.2 


threonine 


1 


0.8 


serine 


7 


6.5 


glutamic acid 


11 


11.1 


proline 


3 


3.4 


glycine 


4 


4.4 


aJanine 


7 


7.1 


valine 


8 


7.3 


methionine 


2 


2.0 


isolcucine 


1 


1.0 


leucine 


10 


10.5 


phenylalanine 


1 


1.0 


histidine 


4 


4.0 


lysine 


9 


9.0 


arginine 


5 


5.2 



^ Moles of amino acid per mole of protein. ^ Duplicate values 
obtained from 24-h hydrolysis in 5.7 M HCl at 1 10 "C. 



ion-exchange chromatography on a CM-Sephadex C-25 col- 
umn (Figure 2). Amino acid analysis of samples taken from 
different fractions in the region of elution of native hPTH 
indicated that the desired peptide was present in the middle 
region of the major peak. Native human PTH eluted at a 
conductivity of 6.5 mQ"' under the same chromatographic 
conditions. The amino acid compositions of pools 4 and 5 were 
in excellent agreement with the theoretical values for human 
PTH. Fractions 4 and 5 were pooled and rechromatographed 
twice on a CM-Scphadex column under identical conditions, 
and the final chromatographic product was a single component 
eluting at the same position as the native hormone under 
identical conditions (Figure 3). Amino acid analysis of the 
final product was in excellent agreement with theoretical values 
for the hPTH native peptide (Table I). The final yield of the 
purified synthetic hPTH was 12%. 

Automated Edman sequence analysis of the CM-Sepha- 
dex-purified peptide for 6 0 cycles revealed the d esirr^ <:pqiiffnfy. 
^0 with only 5-6% preview of the next residue, resulting from 
incomplete cleavage or coupling during the synthesis. Esti- 
mation of the deletion at any point in the desired sequence was 
performed as described by Tregear et al. (1974). The per- 
centage of preview sequences observed at selected steps is 
shown in Table 11. As is well-known in solid-phase synthesis, 
the deletion sequences were found after isoleucine at step 5 
and at various prolines in the middle of the sequence. An 
additional difficult residue to couple in the synthesis is the 
glutamine at step 29, as reported by Tregear et al. (1974). 



Table II : Preview of Amino Acid Derivatives Observed during 
Edman Degradation of Synthetic hPTH 



sequence preview % of preview 

step no. residue" residue residue 



1 


Ser 


Val 


0.0 




ilc 


Gin 


0.61 


10 


Asn 


Leu 


0.85 


15 


Leu 


Asn 


0.32 


20 


Arg 


Val 


1.4 


25 


Arg 


Lys 


2.4 


30 


Asp 


Val 


3.15 


35 


Val 


Ala 


5.8 


40 


Pro 


Leu 


8.2 


45 


Asp 


Ab 


11.6 


50 


Arg 


Pro 


8.2 


55 


Glu 


Asp 


8.3 


60 


Val 


Glu 


14 



° No corrections were made for the background peaks. Previews 
were observed mostly after the isolcucine at step 5 and the prolines 
at steps 40, 43, and 51. 



B - 9.0 PH 
4» .8.5 
-7.6 




-6.8 



-6.2 
■ 5.5 

12 3 .4.8 

HGURE 4: (A) Polyacrylamide gel electrophoresis (pH 4.4) of purified 
(I) synthetic hPTH. (2) native hPTH, and (3) native bPTH. (B) 
Polyacrylamide gel isoclectrofocusing of purifiwl synthetic hPTH at 
a pH range of 3-10. 

However, we have blocked any unreactcd amino group by 
acetylation at this step. The preview of glutamic acid at step 
60 was only approximately 7% after correction for the Glu 
from background peaks. This is performed by subtracting an 
average peak area that can be attributed to Glu from the 
background (as a result of problems associated with the Edman 
sequence analysis). In the sequence analysis, the amino acids 
were found to be in the correct sequence for 60 cycles, and 
no incomplete deprotection of the side-chain protecting groups 
or acylation of anisole by the carboxyl groups was observed 
in the mass spectra of the phenylthiohydantoin derivatives. 

Polyacrylamide gel electrophoresis in 8 M urea at pH 4.4 
of the synthetic peptide showed a component which was similar 
to the mobility of reference samples of native human and 
bovine parathyroid hormone (Figure 4A). Analytical isoe- 
lectric focusing revealed one major and one minor component 
(Figure 4B). The pi of the major component was 8.5, the same 
as that for the native hormone. 

The approximate potencies (dog renal plasma membrane 
adenylate cyclase assay) of the crude peptide and the various 
pools from the CM-Sephadex chromatography fractionation 
(Figure 2) arc shown in Table III. These were derived from 
parallel dose-response curves and are expressed as the dose 
of peptide producing half-maximal stimulation of adenylate 
cyclase in the assay. The native human hormone used in these 
assays was equivalent in activity to the native bovine hormone 
(MRC standard 72/286; potency 2600 lU/mg), and the 
sy nthetic peptide isolated in pools 4 and 5 demonstratedl hc 
greatest activity and was 95% and 100% as active, respectively , 
as the preparation of native hPTH used as stand ard in all. 
assay s^ There were no differences in the potencies of native 
hPTH, native bPTH. and synthetic hPTH by using dog renal 
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Table HI: Biological Activity of Synthetic hPTH° 






%of 




ng of peptide 


native 




for half-max 


hPTH- 


sample 


activity 


(1-84) 


native hPTH-(l-84) 


100 




crude synthetic hormone 


400 


24 


CM-Scphadcx: poo! 1 ^ 


2000 


5 


pool 2 


200 


50 


pool 3 


180 


60 


pool 4 


no 


95 


pool 5 


100 


100 


pool 6 


150 


75 


pool 7 


200 


50 


pool 8 


300 


33 



° Biological activity determined by adenylate cyclase assay in dog 
renal plasma membranes. ^ Sec Figure 2 for clution positions 
of various pools. 
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DOSE (pg/ml) 

FIGURE 5: Comparison of dose-response curves for purified native 
hPTH (•), native bPTH (O), and synthetic hPTH (A) in dog renal 
adcnyl cyclase assay systems. Incubation time was 30 min at 30 
(The bovine native PTH employed is an MRC standard with a potency 
of 2600 lU/mg.) Each point is the mean ± SE of triplicate deter- 
minations. 

plasma membranes (Figure 5). However, the potencies of 
native and synthetic hPTH's were approximately 3 times lower 
than that for native bPTH by using rat renal cortical mem- 
branes (data not shown). 

Comparison of the immunologic reactivity of our synthetic 
preparation of hPTH with those of native bPTH and hPTH 
in radioimmunoassays specific for intact hPTH and mid-region 
hPTH is shown in panels A and B, respectively, of Figure 6. 
Although the immunopotency of the synthetic peptide is similar 
to that of the native peptides in both assay systems, the slopes 
and configurations of the dose-response curves for the synthetic 
peptide appear to differ slightly from those of the native 
peptides. 

Discussion 

The successful synthesis of human parathyroid hormone- 
(1-84) by the solid-phase technique required that the resin 
used as the solid support be stable during the acidolytic de- 
protection of Boc groups from the amino terminus of the 
assembled peptide. For this reason, the PAM resin was chosen 
with a low substitution level. The synthesis procedure de- 
scribed by Tam et al. (1979) allows exact control of the extent 
of amino acid substitution, and the free amino groups of the 
resin can be blocked by acetylation, preventing any undesirable 
side reactions. With the growing chain length of the peptide, 
the volume of the resin increased; however, its physical 
characteristics were not noticeably changed. The stability and 




PlCOGRAMSPTH/TUSE 

FIGURE 6: Radioimmunoassay dose-response curves for bPTH (O), 
native hPTH (•). and synthetic hPTH (A) using CH 12M antiserum 
(A) (specific for intact hPTH) and CP 1 M antiserum (B) (specific 
for mid-region hPTH), 

the behavior of this solid support were clearly of great im- 
portance in the solid-phase peptide synthesis. Side-chain 
protecting groups for the individual amino acid chains were 
selected so that they were relatively stable toward the reagents 
used and at the same time could be removed in one step to- 
gether with the cleavage of the peptide from the solid support, 
except for tryptophan, where the formyl group from the indole 
nucleus was removed by piperidine. 

The reaction conditions, 6-fold excess of the amino acid and 
DCC, and the double coupling al every cycle were all chosen 
for this synthesis in order to achieve the maximum yield and 
reduce the quantity of other incomplete peptides. The indi- 
vidual deprotection and coupling steps were qualitatively 
monitored even though it necessitated the use of the synthesizer 
in a semiautomatic manner. An initial acid concentration of 
25% TFA was used to deprotect the a-amino groups, and the 
acid concentration was raised to 40% by step 40. Even though 
the ester bond attaching the peptide chain to the resin was 
extremely stable toward 50% TFA in CH2CI2 as reported by 
Mcrrifield and his co-workers (Mitchell et al., 1976), it has 
been proposed that the benzyl ester group used to protect the 
side-chain functions of various amino acid derivatives can be 
better protected by reducing the acid concentration. As the 
peptide grows longer in length, sleric factors c^n influence the 
extent of deprotection al every stage, and. therefore, the acid 
concentration was increased as the synthesis progressed. A 
final concentration of 40% TFA was used from cycle 40 to 
the completion of the synthesis. It is difficult lo completely 
ascertain the effectiveness of this procedure, and it is probably 
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not required when small peptides are synthesized. Even at the 
low acid concentration (25%), the 30 niin used for deproteclion 
should be more than adequate to deprotect even the stcrically 
hindered amino acid derivatives. There is, however, no definite 
data to demonstrate that these changes in the acid concen- 
tration reduced the heterogeneity of the final product. Me- 
thionine-containing peptides are known to undergo tert-bu- 
tylation, during HF cleavage, when the peptides have been 
protected with Boc groups, and in this synthesis, the last Boc 
group was removed before HF cleavage. Edman sequence 
analysis has been reported to be a very sensitive and convenient 
method for the detection of deletion sequences (Trcgear et al., 
1974), In our opinion, it is desirable to use a large quantity 
of the peptide and identify the amino acid derivatives repre- 
senting the deletion peptides. In most cases, by overloading 
the HPLC column, it is possible to detect as low as 0.01% of 
a deletion sequence. However, it is difficult to estimate the 
exact percentage of preview toward the end of a long sequence 
run, because of the fact that the number and quantity of 
background peaks due to nonspecific cleavage of the peptide 
bonds as well as the incomplete coupling and cleavage during 
the sequence analysis increase, making it difficult to ascertain 
what percentage of a particular peak is due to preview. 
However, a significant quantity of a deletion sequence at any 
step can be easily detected. Mass spectral analysis of these 
derivatives can be used to detect incomplete removal of 
side-chain protecting groups as well as acylation of anisole by 
the carboxyl groups of the peptide. The limitations of each 
of these methods are due to inherent problems in the chemistry 
of the Edman reaction itself, and the analysis of derivatives 
near the end of a 60-cyclc sequence run may only be useful 
for determining the primary sequence of the peptide. The 
purified synthetic peptide had the desired sequence for the first 
60 residues from the amino terminus. Since the 53-84 region 
of this peptide has been synthesized without any difficulty and 
no serious problems were noticed, it is only logical to assume 
that any deletion or chain termination which occurred during 
the synthesis could easily be detected by the sequence analysis 
of the amino-terminal end. The overall amino acid composition 
of the synthetic material was identical with that of the native 
hormone. The synthetic peptide chromatographed in the 
position of the native human hormone on CM-Sephadex, and 
the purified synthetic hormone possessed nearly 100% bio- 
logical activity in adenyl cyclase assays when compared with 
native hPTH. The difference in the potency of the native 
human and bovine hormones in the rat assay may be attributed 
to the specificity of the two membrane species used in the 
assays. Previous studies in several laboratories have shown 
that deletions in the amino-terminal sequence of PTH are 
associated with reductions in biological activity. 

The only evidence that we have been able to obtain to date 
suggesting that the hPTH we have synthesized might be 
different from the native hPTH is immunologic. The shapes 
and slopes of the dose-response curves produced by the syn- 
thetic peptide in two radioimmunoassays with different spe- 
cificities for hPTH demonstrate minor differences when com- 
pared with those of native bPTH and hPTH. Whether these 
differences refiect an artifact of our radioimmunoassay systems 
or an alteration from the true structure of the native hormones 
is conjectural at present, and the problem requires further 
study. One possible explanation is that the peptide we have 
synthesized contains an Asp residue in position 76 as first 
reported by Keutmann el al (1978) whereas this position has 
been reported to be Asn by Hendy et al. (1981), who deter- 
mined the structure by nucleotide sequencing. Similar im- 
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munoassay results were reported by Manning el al. (1981) 
using human PTH antiserum. The synthetic C-terminal 
peptide (53-84 with Asp at position 76) was reported to be 
less reactive than the corresponding native hormone. We are 
currently synthesizing hPTH with Asn at position 76, and it 
may be possible to clarify this apparent immunological dif- 
ference by investigating the immunological behaviors of the 
Asp- and Asn-containing peptides as compared with native 
hPTH. 

The yield of 12% hPTH in the present synthesis was ex- 
cellent, considering the size of this protein. Moreover, it is 
reasonable that, with optimization of reaction conditions, the 
yield will improve and the time required for the synthesis will 
be shortened. 

Clearly, the scarcity of hPTH obtained from natural sources 
has been an important impediment to progress in the study 
of the physiology and pathophysiology of mineral and bone 
metabolism in humans. The availability of synthetic hPTH 
should now permit detailed clinical and biochemical studies 
of the role of this important hormone in calcium metabolism. 

Registry No. Human parathyroid hormone-(l-84), 68893-82-3. 
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Reactions of Spinach Ribulose-l,5-bisphosphate Carboxylase with 
Tetranitromethane^ 

Gary Barnard, Harry Roy,* and Yash P. Myer 



abstract: Telranitromethane [TNM. C(N02)4] rapidly in- 
activated spinach ribulosebisphosphate carboxylase (RuBP- 
Case). The extent of inactivation was increased by preincu- 
bation of the enzyme with Mg^"*" and bicarbonate. Activity 
was substantially protected by 6-phosphogluconate, a com- 
petitive inhibitor of carboxylation, by ribulose 1.5-bisphosphate, 
a substrate, and by p-(chloromercuri)benzoate. which was used 
to covalently block enzyme sulfhydryl groups. Sulfhydryl 
titration with Ellman's reagent showed that over one-third of 
the titratable cysteine residues were lost upon complete in- 
activation. The losses of activity and of sulfhydryl groups 
titratable in nondenatured enzyme occurred with similar ki- 
netics. Approximately half the sulfhydryl groups that were 
lost upon TNM-induced inactivation were restored by mer- 
captoethanol and dithiothreitol (DTT). High concentrations 



The enzyme D-ribulose-l,5-biphosphate carboxylase/oxyge- 
nase [3-phospho-D-glyccrate carboxy-iyase (dimerizing). EC 
4.1.1.39] (RuBPCaseO is bifunctional. It catalyzes the 
COj-fixation step in the C-3 photosynthetic carbon-reduction 
cycle, which converts a molecule each of D-ribulose 1,5-bis- 
phosphate (RuBP) and CO2 to two molecules of D-3- 
phosphoglycerate (3-PGA) (Calvin et al., 1955). The enzyme 
also catalyzes the reaction of RuBP with Oj to yield a molecule 
each of 3-PGA and 2-phosphoglycolate. a substrate of pho- 
tosynthetic carbon oxidation (Ogren & Bowes. 1971). 

In all higher plants, the enzyme is composed of non identical 
large (M, 56000) and small (A/, 14000) subunits (Siegel et 
al.. 1972). Small subunits are not found in RuBPCase from 
the purple, nonsulfur bacterium Rhodospirillum rubrum. This 
enzyme consists of a dimer of large (A/^ 56000) subunits. 
RuBPCases in higher plants show great structural homology, 
especially in the large subunits. which bear the catalytic site 
(Mcintosh et al.. 1980; Zurawski et al.. 1981). Amino acid 
composition data (Takabe & Akazawa, 1975a) and partial 
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of DTT. however, did not restore more than 20% of the activity 
lost. Amino acid analysis revealed that about one-third of the 
modified sulfhydryls had been irreversibly oxidized. Both 
amino acid analysis and difference spectroscopy showed that 
little or no tyrosine modification occurred. These results 
suggest that TNM inactivates spinach RuBPCase by modi- 
fication of cysteine sulfhydryls. This indicates that the in- 
activation of RuBPCase associated with SH modification docs 
not depend solely on the presence of bulky groups attached 
to the modified sulfur. This conclusion differs from that 
obtained in similar studies using the RuBPCase of Rhodo- 
spirillum rubrum, in which TNM modified a single tyrosine 
per dimer of catalytic subunits [Robison. P. D., & Tabita, F. 
R. (1979) Biochem. Biophys. Res. Commun. 88, 85]. 



sequence data (Stringer et al.. 1981; Hcrndon et al., 1982) 
suggest that only limited sequence homology exists between 
RuBP carboxylase from a higher plant, spinach, and that from 
R. rubrum. 

Nevertheless, affinity-labeling techniques have indicated 
conservation of primary structure in the active sites of carb- 
oxylases from these two sources (Herndon et al., 1982). In 
both enzymes, lysine residues are essential for catalysis (Paech 
& Tolbcrt. 1978; Schloss et al., 1978a; Robison et al., 1980; 
Lorimer. 1981b) and for the binding of activating CO2 and 
Mg^"^ (O'Leary et al, 1979; Lorimer. 1981a). Arginine 
(Schloss et al., 1978b; ChoUet. 1981) and hislidine (Saluja 
& McFaddcn. 1982) may also be important in catalysis by 
the spinach enzyme. Recently, Fraij & Hartman (1982) 
suggested that methionine is located at the active site of the 
R. rubrum enzyme. Numerous studies have shown sulfiiydryl 



' Abbreviations: RuBP, ivribulose t,S-btsphcsphate; RuBPCase. ri- 
bulosebisphosphate carboxylase; PCMD, p (chtoromc:-cjri)benioate; 
DTT, dithiothreitol: NaDodSOi. sodium dodecyl sulfate; PGA, 3- 
phosphoglycerate; TNM, tetranitromethane, CCNO])^; 6-PGIuA, 6- 
phosphogluconate; PMSF, phenylmethanesulfonyl fluoride; Tns, tris- 
(hydroxymethyl)aminomethane; EDTA, ethylenediaminctetraacettc acid; 
SCM*cysteine, S'-CcarboxymethyOcysteine; Bicine, ;v^-bij(2-hydroxy- 
cthyOglycine. 
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(G'V) Process for the production of 
human parathyroid hormone 

157) A process for the production of 
human parathyroid hormone (hPTH), 
comprising Jn vjvo multiplication of 



human lymphoblastold cells capable 
of producing said hormone, using a 
non-human warm-blooded animal, 
ana in vitro cultivation of the 
multiplied human iymphoblastoid cells 
to produce hPTH. 
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SPECIFICATION 

Process for the production of human 
parathyroid hormone 

The present invention relates to a process tcr 
5 the production of human parathyroid hormone 
{abbreviated as nPTH hereinafter). 

nPTH is a hormone, secreted by the parGXhyroid 
glands, that regulates the synthesis of acxivaicd 
vitamin D3, sitmulates the release of calcium from 

1 C bones and leads to an increase in the calcium level 
of the blood. No process for the mass production 
of lowv-cost hPTH has been established to aate. 

We have investigated processes for the mass 
production of hPTH and have unexpectedly found 

1 5 that certain hunn.an iymphoblastoid cells capable 
of oroducing hPTH are suitable for the mass 
produc:ion of hPTH owing to their ve.-y high 
multiplication efficiency and high rote of hPTh 
production per cuil. 

20 According to tne present inventton there is 
provioed 0 process for tiie production o: hPTH. 
which process comprises multiplying human 
lymphcblastoid cells capable of prcdLCing said 
hormone by transplanting said cells to a non- 
25 numan warm-blooded animal booy, 01 

rfittirna Lively by allowing said cells to mullipi', 
wixiiin a device in which the n»jxrient body fluid of 
d non-human warm-bioooed animal is sjppiiec: to 
said cells, and allowing the human :ymphoUid:*:oid 

30 cells multtpliea Dy either ot the above 

mu.tiplication procedures to release said hormcne. 

The procesb according to the invention prov des 
an extremely high hPTH yield, requires much ic:>s 
nutrient medium containing cxpcncivc coruni fcr 

35 thti cell multiplication or no such mecium, ancJ 
renders much easier the maintenance of tr.c 
culTure medium during the cell muiriplicuiion ;(.jn 
in /n vitro tissue culture. Particuiarty, any human 
lymphcblastoid cells capacie of producing nPTi: 

40 can be multiplied easily while utilising tne riutr;:n; 
booy fluid supplied from the non-numan worn> 
biooded aniiual body oy transplanting said ccJic to 
the animal body, or suspending the ceils in o 
conventional diffusion chamber devised 10 icce.vo 

45 tne nutrient body fluio of ihe anirna:* and tetjU^-g 
the ar.imai in the usual way. Also, in inc prcuc:;. 
process one ootains a more siabie and a hiyric: 
rate of Liell multiplication, and a hinner hPTH 
production per cell. 

50 As regards the human iymphobiasioid ceii:. 
v»^hich may be used in the present rrvention. a:r/ 
human tympnobiastoid ceiis can be used as ion:; 
as they produce hPTH anc mutiipiy rapiaiy in 
non-human warm-bloodcc animal uooy. 

55 Preferable human lympnoDlasto'.d celis are tnosa 
introduced with hPTH proa jction governinG 
genetic sites of human cells whicl-: innercmiy 
produce hPTH such as normat or transformed 
parathyroid cells, or humor, colls w:-.ich prcaucs 

60 eciupic liPTH such as lunc carcinoma ceils. 

ovarian Tumor cells, kidnby carcinoma colls or liver 
carcinoma cells by means ct celi fuLicn using 
polyethylene glycol, or by cenetic recombination 
techniques using DNA ligjLe. nuclease and DNA 
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65 polymerase; and other human lymphcblastoid 
ceils wriich produce ectopic hPTI I. Since the use 
of such hurnin lymprioblastoid cells results in the 
formation of easiiy disaggregatable massive 
tun'iOi's \j^'he;\ the celis are transplanted to the 
70 animal body, and the massive tumors are barely 
contaminated with the host animal cells, the 
multiplied live human lymphoblastoid cells can be 
harvested easily. 

Any lijri-human warm-blooded animal can be 
75 used to perform the process of the present 
invention £.s long as the human lymphoblastoid 
cells rnuliiplv therein. Examples cf suitable 
animalii jio poultry such as chickens or pigeons, 
and mamrnais such as dogs, cats, monkeys, goats, 
80 pigs, cows, horses, guinea pigs, rats, hamsters, 
mice and nude mice. Since transplantation of the 
human lymphoblastotd cells gives rise to 
undesirable irnmunoreactions, the use of a 
newborn o.- infant animal, or of an animal in the 
85 youngest po£;£;iblo stage, for example, in tha form 
of an egg, c-rnbryo or foetus, is desirable. In order 
to reduce the incidence of Immunoreactions as 
much as possible, prior to the cell transplantation 
the animal may be treated with Xray of >^-ray 
90 irradiation, at about 200 — 600 rem, or with an 
injection of antiserum or an immunosuppressive 
ageni prepari=d according to conventional 
methods. Nudo mice exhibit weak 
immunoruuctions; consequently, any human 
95 lymphoblastoid lines capable of producing hPTH 
can advantageously be transplanted into, and 
rapidly mukiplied in, nude mice without subjecting 
the mica to a p.-etraatment for suppressing 
immunoreactions. 

100 Stabilised coll muliiplication and enhancement 
of hPth pioduction can bo both carried out by 
repealed ii ar.spiantaiion using combination(s) of 
oitfercru fion-hurnun warm-blooded animals: the 
objeciivcs ore attainable Tirst by implanting said 

105 cells in hamsters and multiplying the calls therein, 
then by ic in* planting the cells in nude mice. 
Repeated 11 ansplar.talion may be carried out vv/ith 
animals of die samo class or division as well as 
chose of the Some species or genus. 

1 1 0 Ti^o humaf » cells to be multiplied can be 

implanted In any site of the animal as long as they 
multiply at thai site; for example, in the allantoic 
cavity, or intraveneously, intraperitoneally, or 
subcutansously, 

115 In addhion to the above-mentioned direct cell 
Transplaniaiion, any conventional human 
lyrnphoblasioid lines capable of producing hPTH 
can be multiplied easily by using the nutrient body 
fluid supplied from tha animal body by embedding, 

1 20 for example, intraperitoneally, in the animal body a 
conventional diffusion chamber, of various shapes 
and sizes, and equipped with a porous membrane 
filter, ultra filler or hollow fiber having a pore size 
of about 1 0"' to 1 0~^ m in diameter which 

125 prevents ingress of ihe host animal ceils into the 
chamber but permits the cells to be supplied with 
the nutrient body fluid of tha animal. Furthermore, 
the diffusion chamber can be designed, if desired, 
so as to erioble obsefvation of the cell suspensiort 
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in the chamber through transparent side 
window(s) provided on the chamber walt(s), and 
SO as to enable replacement and exchange with a 
fresh chamber. In this way ceil production per host 
5 can be increased to even higher levels over the 
period of the animal's life without any sacrifice of 
the host animal. When such a diffusion chamber is 
used, since lirtle immunoreaction arises owing to 
the absence of direct contact of the human cells 
1 0 with the host animal cells, the multiplied human 
[ymphobiaiitoid cells can be harvested easily, and 
any non-human warm-blooded animal can be 
used as the host in the present process without 
the need for any pretrcatment to reduce 
1 5 immunoreactions. 

Feeding of the host animal can be carried out 
by conventional methods even after cell 
transplantation, and no special care es required. 
N/laximum cell muiiiplication can be attainec; 
20 within 1 — 20 weeks, generally 1 — 5 weekti, uticr 
• nc cell transplantation. 

According to the invention, the number of the 
'^uman lympnotjlasioio celis obtained per hobi 
range:i from about 1 0^ to 0^' or more, in other 
25 v^ords, tno number of the human lymphoblastoid 
cells implanted in the animal body increases cbcut 
1 0^ to 1 0' times or more, or about 1 C to T O*" 
limes or more than that attained by vhro ilssuc 
culture meinod using a nutrient medium; inc 
30 Human lymphoblastoid cells can therefore be uccd 
r.dvantageousiy in the production of hPTH. 

As regards the method by which the human 
Ivmphoblasioid ceils multiplied by cither of trc 
;?bove described procedures are allowed lo reic2Lc 
35 :*PTH, any meihods can be employed as long ai: 
tr>e said r.Ljman cells release the dei;:rud horfnor:^ 
:nereby. ror example, human lymphoblastoid cc!li. 
obtained by multiplying in jucile in iiutipcniiior. 
^nd narvetiting from said ascite, or by extractinr 
40 :ne massive tumor formed subcutani^ousiy unc 
harvesting after the disaggregation cf tnc massive 
:*jmor. are SLi::pended to give a cell conccn^rwticn 
cf about 1 0'* to 1 0^ ceils per ml in a nuuient 
medium, prewarmed at a temperature of aoout 
45 20 — 40-C, jrd then incubated at t".is 

temperature for about 1 to 1 00 hours to procucc 
hPTH. During the incubation, enhancomen: o: 
hPTi^ production may be carried ou: by inciuuing 
one t*r more of an amino acid such as glycine. 
50 leucine, lysine, arginine and cysteine; an inofaaf^:c 
salt such as sodium chloride, potassium chloride 
calcium chloride and magnesium sulfate: and c 
hormone such as dopamine, isoproterenol, 
epinephrine and norepinephrine. 
55 The hPTH thus obtained can be collected cjs:!/ 
by purification and separation techniques usinr 
conventionai procedures such as salting-out, 
dialysis, filtration, ccntrifugation, concentratior. 
and lyophilisaticn. If a more highly purii'ieU hPTK 
60 preparation is desirable, a prcparotio:^ of the 
highest purity can be obtained by th^ abovu- 
n^entioned tcciinigues in combination with oiner 
conventional procedures such as adsorption ano 
dosorptinn with ion exchange, gel filrration, affinity 
65 c^^romatography, isoelectric point frcctionation 



and electrophoresis. 

The hPTH preparaiioii thus obtained can be 
used advantageously alone or in combination with 
one or more agents for Injectioiii or for external, 
70 internal or diagnostical administration in the 
prevention ana treatment of human diseases. 

The following Hxamptes illustrate the present 
invention. 

in tnis specification, hPTH production was 
75 determined by a bioassay method as described in 
J. A. Parsons et aL, Endocrinology, Vol 92, pp. 

454 462 ( 1 973), and is expressed by weight in 

terms of the standard nPTH preparation, assigned 
1 ,300 USP units per mg, available from the 
80 National insiitute of Health (USA). 

EXAMPLE 1 

Disaggregated human parathyroid tumor 
cells — extracted from a patient suffering from 
parathyroid tumor and minced — and a human 
85 leukemic tyniphoblasloid line Namalwa were 
suspended together in a vessel vt/ith a salt 
soiution, containing 140 mM NaCI, 54 mM KCI, 
1 mM NaH2PC4 and 2 mM CaCIj, to give a 
respective cell concentration of about lO'* cells per 
00 n:l. The ice chilled eel; suspension vt/as mixed with 
a fresh preparation of the same salt solution 
containing UV-irradiation preinactivated Sendai 
virus, transfdrred into a 37°C incubator five 
minutes after the mixing, and stirred therein for 30 
95 minutes to eflect cell fusion, thereby introducing 
the ability oi the human parathyroid tumor cells of 
producing hPTH into the human leukemic 
lyr.'iphoblasioid line. 

Aftar cluiiing according to conventional 

1 00 mcinods the hybridoma cell strain capable of 
producing liPTrl. the hybridoma cells strain was 
implanted intrapenconeatly in adult nude mice 
which were thuii fed in the usual way for five 
wccUg. The resulting massive tumors, about 1 5 g 

1 05 each, v^ere extracted and disaggregated by 
mir.cing and vrypsinlzing. 

After wasiiing the celts with Earle's 1 99 
medium (pH 7.2), supplemented with 10 v/v 96 
foetal calf serum, the cells were resuspended to 

1 1 0 s;v3 a cell cu ncenu avion of about 1 0^ cells per ml 
in a fresh pieparation of the same medium which 
contained 30 niM L-arginine and 20 mM CaCI^, 
and then Incubated at 37^C for 40 hours to 
produce hrTH. Thereafter, the cells were treated 

1 15 ultjasunicatly, and the hPTH In the resulting 
supernatant was determined. The hPTH 
production was about 830 ng per ml cell 
suspenstoji. 

Control cells were obtained by cultivating in 

120 vitro the hunian parathyroid celis at 37**C in 

Earle's 199 medium (pH 7.2), supplemented with 
1 0 v/v % fueial calf seium. These cells were 
treated si mile ii/ as descrioed above to produce 
hPTH. The hPTM production was only about 4 ng 

1 25 per ml cell suspension. 

EXAMPLE 2 

Disaggregeied human kidney carcinoma 
ceils — extracted from a patient suffering from 
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kidney carcinoma and minced — and a human 
leukemic iymphobiastoid line JBL were fused in a 
manner similar to that described in Example 1 . 
thereby introducing the ability of ihe human 
5 kidney carcinoma cells of producing hPTH into the 
human leukemic Iymphobiastoid line. 

After cioning according to convenrionai 
methods the hybridoma cell strain capable of 
producir^g hPTH, the hybridoma cell strain was , 
10 implanted subcutaneously in newborn hamsters 
which had been preinjecied vAth an aniiiiL^rum 
(prepared from rabbits using conveniiooui 
methods) so as to reduce the in^munoreactions of 
the rabbits. The rabbits were then fed in :he usual 
1 5 way for three weeks. 

The resulting massive tumors., formed 
subcutaneously and about "! 0 g each, were 
extractec and disuggregated by mincing and 
suspending in a physiological saiine solution 
20 containing collagenase. 

After wasnirg the calls with Eagle's minimal 
essentia! medium (pH 7 A), suppiemenieci with 
5 \//v % human serum, tiie cells were resuspe.nded 
to give a cci; concentration of about 1 0^ colli; per 
25 ml in a fresh preparation of the same medium 
which contained 20 mW\ CaCIj and 20 mM 
dopamine, ana then incubated at 37°C tor 20 
hours to prcauco hPTH. The hPTH production was 
about 1 .3 ug per ml cell suspension. 
30 Coniroi cells were obtained similarly as 

described in Example 1 by cultivciting in vnro the 
fused human leukemic Iymphobiastoid iino JL-J, 
The control cells were treated similarly as 
describee above. The hPTH production waucnfy 
35 about 16 ng per ml cell suspension. 

EXAMPLE 3 

Newocrn rats were implanted int/avcnously 
witn a human leukemic lymphcblar.oid line BALL-1 
into which the ability of human cvanan turner 

40 cells of producir^g hPTH had beer, introducod in a 
manner similar to that described in Example I . and 
then fed in the usual way for four weeks. 

The resulting massive tumors, about 30 g cach.. 
wore extracted and treated similarly as aescritad 

45 in Example 1 to produce hPTH. T : j tiPTH 

proouction was about 900 ng per m! suspcncisn. 

Control ceils were obtained sirr.iiarlv as 
described in Example 1 by cultivating //v v/'uo :ne 
fused human leukemic iymphobiastoid line 

50 BALL-1 . Tnese control cells were :rea:ed i.imi!j/ly 
as described above. The hPTH pro::uciion wai: 
on.'y about 7 0 ng per mt celt suspciision. 

EXAMPLE*; 

After aijout 400 rem X-ray irradiation of act-i: 

55 mice to reduce their immunoreactionc, ihe mice 
were implantad subcutaneously with a human 
loukomtc Iymphobiastoid line NALL* : into wl;:ch 
tne ability of human lung carcinoma cei.s to 
produce hPTH had been Iniroductd ir) a manner 

60 similar to that described in Ex&mpio : . The mice 
were then fod in the usual way *0! '.hrcc wcoku. 

The resuiiing massive tumors, termed 
subcutaneously and about 1 5 ej:ch, were 



extracted ana treated similarly as described in 
65 Example 2 lo produce hPTH. The hPTH production 
was about 1 .2 per ml cell suspension. 

Control cells were obtained similarly as 
desc.ibea in iiixample I by cultivating /n v/tro the 
fused hu/nari ieuKemic Iymphobiastoid line 
70 NALL- I , The control cells v^/ei e treated similarly as 
described aoove. The hPTH production was only 
about 20 ng per ml cell suspension. 

EXAMPLE b 

A human leukemic Iymphobiastoid line TALL-1 

75 into v*/hicii the abilicy of tJ*ie iiuroan parathyroid 
tumor celis tO produce hPTH had been introduced 
in a manner similar io that described in Example 1 
was euspcndtsd in pnysiological saline solution, 
ana the resulting cell suspension was transferred 

80 into a pls^iic cylindiical diffusion chamber (inner 
volume: auout i 0 rni) and equipped with a 
membrane filter havirjg a por«j size of about 0.5 ^ 
in diameter. After intraperitoneal embedding of 
the cha.Tiuer Into an adult rat, the rat was fed in 

85 the usual v^/ay for four weeks, and the chamber 
was removed. 

The human Iymphobiastoid cell density in the 
chamber attained by the above operation was 
about 6x10^ celis per ml which was about 1 0^ 

90 times highei or more tl ian that attained by in vitro 
ouliivaiion uaing a CCj incubator. The human 
tymphootdstoid cells thus obtained were treated 
similarly asdascribed in Example 2 to produce 
hPTH. The hPTH proauction was about 1.1 ug per 

95 mt cell suopensior.. 

Conuol ceils vt/ere obtained by suspending the 
numan parathyroid lun'ior cells in physiological 
oaline solution, transferring the resulting cell 
suspen^ic.1 in the chamber, embedding 
1 00 imrapcritoneaily the chamber into an adult rat, 
feeding the rat in tha usual way for four weeks, 
and harvcstkug the multiplied human 
lymphobiautoid cell3<numan ceil aensity, about 
G X 10^ cello par ml). Tha corurol cells were 
1 05 treated similarly as described above. 1 he hPTH 
production waj only about 3 //g per ml cell 
cusperisiori. 

EXAMPLL C 

A human leukemic Iymphobiastoid line JBL into 

1 10 whicii tlio ability ot the human lung carcinoma 
cells to produce hPTH had been introduced in a 
r.^anncr sin'kitar to that described in Example 1 was 
impiantcd in the allantoic cavities o^ embryonated 
eggs wh.cl\ had been preincubated at 37 °C for 

1 1 5 five days. Alter fuafier incubation of the eggs at 
tl;is temperature for an additional one week, the 
c.*:jmbei wai; removed. 

Tne multiplied human Iymphobiastoid cells thus 
okstaindo were: treated similarly as described in 

120 Example I io produce hPTH. The hPTH production 
was about 700 ng per ml cell suspension. 

in a co.'ufol experirnorit in which the human 
iung ca.'cinorna cells ware implanted ir^ tl*ie 
allanioic cavities ot emoryonated eggs, no ceil 

125 muliiplication was observed. 
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CLAIMS 

1 . A process for the production of human 
parathyroid hormone (hPTH). which process 
comprises multiplying human lymphobtastoid cells 

5 capable of producing said hormone by 

transplanting said ceils to a non-human warm- 
blooded animal body, and allowing the multiplied 
human lymphobtastoid cells to release said 
hormone; or multiplying human lymphoblastoid 

1 0 cells capaole of producing said hormone by 
allowing said cells to multiply within a device in 
which the nutrient body fluid of a non-human 
warm-blooded animal is supplied to said cells, and 
allowing the r-!ultiplied human lympnoblastoid 

1 5 cells to rcicass said hormone. 

2. A process according to Claim 1 . wherein the 
human lymphcblasioid cells are hybridoma celis 
obtained oy cc!l fusion of a human lymphoblastoid 
line with humz-n cells capable of producing hPTH. 

20 3. A procccG according to Claim 2, wherein the 
hybridoma cc:!s are those obtained by cell fusion 
of a human lymphoblastoid line with human 
parathyroid tumor cells. 

4. A prccesi; according to Claim 2, wherein me 
25 hybridoma ceils are those obtained by celt fusion 

of a numan lymphoblesioici line with i-iuman 
kidney tumor celis. 

5. A process according to Claim 2 wiierein the 
hybridoma cells are ihose obtained by cell fusion 

30 of a human iymphcblastoid iine with human 
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ovarian tumor cetls. 

6. A process according to Claim 2, wherein the 
hybridoma cells are those obtained by cell fusion 
of a human iymphoblastoid line with human lung 

35 carcinoma cells. 

7. A process according to any one of Claims 2 
to 6 wherein the human lymphoblastoid line is a 
human leukemic lymphoblastoid iine. 

a. A process according to any one of Claims 2 

40 to 7, wherein the human lymphoblastoid iine Is 
Namalwa, BALL- i, NALL-1, TALL-'l or J6L 
9. A process according lo any one of the 
preceding Claims, wherein the multiplied human 
iymphoblastoid celis are allowed lo release hPTH 

45 in the presence of one or more of glycine, leucine, 
lysine, arginine, cysteine; sodium chloride, 
potassium chloride, calcium cnloride, magnesium 
sulfate; dopamine, isoproterenol, epinephrine and 
norepinepiirine. 

50 1 0. A process according to any one of the 

preceding ciaims, wherein the non-human warm- 
blooded animal is a cnicken, pigeon, dog, cat, 
monkey, goat, pig, cow, horse, guinea pig, rat, 
hamsiei, mouse or nude mouse. 

55 1 1 . A process according to Claim I 

substantially as iiereinuefore described in any one 
of the Examples. 

12. Human paramyloid hormone whenever 
prepared by a process as ciairned m any one of the 

60 preceding claims. 
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Abstracts: Hharulhyruivl Hormone 



^ STRUCTURAL AHALYSIS OF TBS. UUMAtf PAHATIIYROID HOUHOME 

H. Ileiidy^ Al«^L«iider Ulch", aftd John T> ?otM. Jr.> En- 
docrint^ U«at, Ma3»ad\UBeccs OeueroL Hoapical» &o«con, 
MA.., and Dcpartnenc of Biology, )U.»iithu»fttt« Inaclcucc 
of Tdchnology, Cambridge, MA. 

Ve ore comparlns: the acnicturefl of th« 6«« and cKb 
iMstfcnger RKA (mRNA) codinB for hunan preproparathyrold 
Uomcme (preproFTH). this compariaon will allov us to 
dofine Be*ii»nr-c.i concrolUng the iRlctatlon and termin- 
Mitiiv of RNA traiiacrlpclon, and will also allows ua to 
locate so-called IntorvenlnR DMA dequences; tKat is. 
.lequencos of DMA that Interrupt U»e PTtt nRHA and are cc- 
DiDved rrom an mRWA procursoc beforo «WIA I9 rel**Bcd 
from Che call nudcua. rho hunan proproPTH gene wa» lao* 
liiced from a lambda phage Imiftau ?cnc library. Wc have 
su&clQned portions of the U.OQO base pair hu»an W»A lo- 
to Che placmiJ pBILJ22 In order to iacllitato »equenco 
analyalfl. We used the agoro»e gel cranafer method of 
Souchatn to Identify fragmanta of the hu»:m DHA contain- 
ing PIH infonniclon. Human DNA fragments vere separated 
by aRaroae gel clcctrophoresi* and then teanaferted to 
nlctocellulo«tt paper. ?TH-related fragocncs were recog- 
nised by hybridising the ntcrocelluloae-bound DNA to 
radioactive DMA derived from a clone containing human 
PTU mRNA sequences. The relevant Xragtaents were then rc- 
clwiied into pQfUZl. Oar analyaia so far chowa that no 
Intervening sequence laternjpcs the gmc In a Z15 pair 
region extending froo amino acid 28 o£ PTH through the 
rest of che coding region and including the Jirac 35 nu- 
cXcotidee of the 3'-noncoding region ot the nKMA, Since 
intervening aequencas often separate functionally im- 
portant domains, we might have expected an Intarvenlag 
eoquoncD aeparatlnc r.he blologicaily active 1—36 region 
from Che distal half of PTU. Further restriction endo- 
nucleaae and DNA sequence ^nalyals will allow us to com- 
plete the Chirac tar Izatlott of the gene. 



OM THE KKIATIOMSHIP Of HVPERPARATIIYROtDISM AND SERUM 
CLyCOFROT£X»U» AND SIALYL TRANSrSRASE. A. A. Licata 
and L. Shoeier* , uniwcrelty of Rochnuter. Rochester « 
N.y. and Cleveland Clinic. Cleveland. Ohio 

Altliouah pAr-i thyroid homonc (PTtI) la metaboliited 
by the liv«r. it is s^ill unclear whtittl^er cho honvonfr 
effects hepatic function. i>o utudy tbi«, wo investi- 
gatod whether serum glycoprotein* and ^:lklyl transfer- 
as activity (SirA) « markers of liepatic function, ware 
altered In hyporpamthyroidiem (hpT) . Serum from 
nomwil Cn-16) and (hht) (n^ao) subjects were analyzed 
for total ijrecipitabJn ippt) and soluble (i^romucoid) 
alalic acid/ Itexosamino, lututrai Liexoses/ fucoae, 
uronic acid. And protein and for specific qlycopro- 
coins l>y radial imniunodif fusion. (STAI was mcnsured by 
tne incorporation of ieotopic sxalic acid into oeBin- 
lateJ retuin. Initial studies slvTwed chat cure pro- 
teins (40%) from ihM*) sera were retained on Con-A- 
Aq^roae than from normal or Pay e tic sera and were 
eluted with tnothyl-o-mennoside. Total (ppt) carhoKy- 
drate content was incrcasied. The incredue was tyroiiX- 
eat Cor siaiic eCia and heacQsamlne (p < 0.01) . (ppt> 
hexo&es correlated with incroased PTU (raO.M) «nd 
alkaline phosphatase (r»0.52). SeromuuoiU and uronic 
acid were unchanged . specific tjlycoprotcins were 
oith^ir decreased (p < 0.05) (tranarerrin, a-2-macro- 
alobulin) or unchanged (liapcoqlobin^ a-l-anticrypi;in) . 
(STA) was similar in {HPTJ and nonaals but correlated 
(p < O.OS) with PTH <r^0.68), Ippt) hexoses (r-0.60), 
and al)uiline phosphataxa tc-0.60) in the (HPT) . we 
concluded (1) that (IIPT) w»e aasoclaced with in- 
creased total carbohydrate content of serum proteins 
ijvic not necesaarily apeciric glycoproteins. (2) that 
ic« disease activity, as noted by changes in PTH and 
aixallne phosphatase I wo a reflected by changes in 
(STA) and (ppt) hexoses, and (3) that there was an un- 
explained relationship between hepatic gXycoptotoin 
metabolism and (IIPT) . . 



HUMAN PARATHYROID CARCINOMA CEUS THAT PRODUCE PTH: 
LONG T£RH MAINTENANCE IN TISSUE CULTURE. J. Lemann Jr., 
R.A. Patcillo*. A.n.F. Ruckerf . S .W. Wllaon*. R.O. 
Hussa^ and R."- Gray . Dopart«ancs of Medicine^ Gynecol* 
ogy/Obstetclca, Surgery and Bloehami«try, M^lcal Col- 
lege of Wisconsin, Milwaukee, Vi. 

Segments of metastatic parathyroid earelnona from a 
patient with a scrum Ca of 17. Z mg/dl, P 1.6 mg/dl and 
IPTU 160 ulEq/ml (nornai 2-10 plBq/ml; Slatopolsky COQW 
and intact antibody; 1 ulEq/ml - about AO pg bPTH/ml) 
were explanted into tlaaue culture 4/23/78 using SCC 
Waymouch'9 752^1, 30X Cey's balanced salt solution and 
20% human cord serum as medium. Initial epithelial 
call density was estimated at about 6 X IO6 cells/ 
flask. Cell proliferation was seen within 4 days and 
peraista. However by 11/79, 1 1/2 years after the 
cuiturea ware begun epithelial density decreased to 
about 10^ CO 10^ cclla/flaok where It has remain^. 
The initial culture fluid »TH of l.D X 105 ul£q/ml or 
6 ug bPTH eqnlvaieiiC/ial has declined in parallel to 
cbe decreese in cells and has raaiaed at about 100 
plEq/ml or AO ng bPTH/ml, for the paat year. Katimac- 
ed PTH production has remained at about 1 pg/ccll/day 
oc 100 attomol/coll/day for 2 1/2 years. Col fUcta- 
tlon of early (5/78) end late O/80) culture fl*»W» 
have shown that the paak of IPTH comigrates with 125£_ 
hPTH without snaller fragments of IPTH. Biological 
activity of early culture fluid PTH was teMted in the 
fetal rat bone .tyatem by Dr- Paula Stem, Northwest em 
University. Done resorblng activity wae simply addl- 
civtt CO char of aynnhetlc bPTH 1-36 and was preset At 
a concentration of 6 Mg bPTH equivalent /ml, similar to 
chat Dbaerved as IPTH. Attvmpra to nr-tmulate cell 
prolif aracion with several growth factors or lowering 
Llie ttiadlum Ca from 1.2 to 0.8 mH has thus far fall ad. 
Ue conclude that these hDoman malignant parathyroid 
ccaia continue to produce Intact and biologloally 
active hPTH after 2 1/2 yeara in tissue culture.' 



PROLACTIN -STIMULATED PARATHYROID HORMONE SECRETION IS 
MOT MEDIATED BY CYCLIC AKP OR CATECHOIAHINES . U 
naqUqld*. fi.l. Thomaa and l-R. Forte . Dept. or Phar- 
macology, Umv, Missouri and Truman VA Hospital, 
Colunota, Mo. 

fiecent reports suggest that bovine parathyroid 
gUnas contain dopajnlne (DA), possibly w1 tMn mast 
colls, and that OA synthesis and release from rat 
brain Is stipulated by prolactin (Pftt). Me previously 
reported that PRL stimulates PTH secretion In dis- 
persed bovine parathyroid cells. The present stu4y **4S 
undertaken to explore the possibility that PRL-stlmu- 
lated PTH release is medlaced via, endogenous catechola- 
mines. PTH saeretlon due to PRL was not blocked by 
either the a-adrenergic or dopaminergic ancaponlstSi 
propranolol and flupenazine, respectively. PftL did not 
Increase cyclic AMP above basal levels In parathyroid 
cells Incubated for up to 3 hours with or without 1 
I* Mix, OA- and Isoproterenol (I SO) -stimulated cyclic 
AMP were effectively blocked by flupenazine and propran- 
olol, respectively. These data suggest that PRL-stimu- 
laied PTH release Is not meolateU through the 9-adrener- 
gic or dopaminergic receptor systems of parathyroid 
calls and confirms our previous report that the effect 
of PRL Is not mediated by cyclic AMP. We also found 
that haloperldol, a DA-antagonlst , markedly stlnwlated 
PTH release. Haloperldol In combination with maximal 
levels of DA, or PRL produced additive Increases in PT>1 
secretion. Also, haloperldol-stlmulated PTH secreffon 
was not blocked by the antagonists, propranolol, phento- 
laJrtne or atropine. Other OA-antaoonlsts such as flu- 
penazine And butaclanol did not stimulate secretion. 
In conclusion, the results of this study suggest that 
PRL and haloperldol may stimulate PTH secretion through 
agonist-like activity via receptors other than the 
e-adrenerglc or dopaminergic receptor types. 
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OLSTAD, O. K., N. E. MORRISON, R. JEMTLAND. H. JUPPNER, G. V. SEGRE and K. M. GAUTVIK. Differences in 
binding affinities of human PTH(i-84) do not alter biological potency: A comparison between chemically synthesized hormone, 
natural and mutant forms. PEPTIDES 15(7) 1261-1265, 1994.— The purpose of this study was to evaluate receptor binding 
affinities and biological properties in vitro and in vivo of various recombinant hPTH(l-84) forms representing the natural 
hormone and a mutagenized hPTH form, [Gln^*]hPTH( 1-84) (QPTH). after expression in E. coli and Saccharomyces cerevisiae. 
In LLC-PK, cells stably transformed with the rat PTH/PTHrP receptor, chemically synthesized hPTH(l-84) and QPTH showed 
a reduced binding affinity (apparent 18 and 23 nj\/, respectively) than the recombinant. hPTH(l-84) (apparent 9.5 nM). 
All recombinant hPTH fbrms showed a similar potency to stimulate cellular cAMP production (EC50 1.5 nM) and significantly 
better than chemically synthesized hPTH (EC50 5.7 nAf). All hormone forms showed an about equipotent activity in causing 
elevation in serum calcium, increased excretion of urine phosphate, and cAMP. Thus, the natural recombinant PTH forms 
showed higher binding affinities and adenylate cyclase activation potencies in LLC-PKj cells, but the reduced receptor binding 
affinity exerted by QPTH did not transcend differences in cAMP generation and in vivo biological activities. 

Recombinant parathyroid hormones Recombinant PTH/PTHrP receptor cAMP response Rats 



PARATHYROID hormone is the principle regulator of calcium 
homeostasis in humans and has been advanced as an anabolic 
drug against postmenopausal osteoporosis (22.25). The hormone, 
which is produced in the mammalian parathyroid glands, is syn- 
thesized as an 115 amino acid precursor that is processed to the 
mature hormone of 84 amino acids (21). The information re- 
quired for high-affinity binding of PTH to its receptor in bone 
and kidney cells is contained within the biologically active !- 
34 region (20). The amino-terminus of PTH is essential for trig- 
gering the adenylate cyclase response pathway (8.26). but it also 
contributes modestly to receptor binding affinity. In addition to 
a nearly complete loss of cAMP agonism. the deletion of residues 
1-6 is accompanied by an approximately 100-fold decrease in 
receptor binding affinity (7, 1 0, 1 8,24). The major component of 
PTH receptor binding affinity, however, appears to be deter- 
mined by residues 28-34. Deletion of these residues causes at 
least a 1000-fold reduction in binding affinity (18). Furthermore, 



PTH(25-34) displays weak, but detectable, receptor binding af- 
finity (A'd 100 ^iM) (18). In comparison, no evidence for re- 
ceptor interaction has been obtained for amino-terminal frag- 
ments shorter than PTH(i-27) (24,26). Based on these 
observations, the 25-34 region has been called the hormone's 
principal receptor binding domain (18). 

We have previously reported production of hPTH(l-84) in 
yeast (5), and the a-factor expression system is a well-charac- 
terized, commonly used strategy for expression of foreign pro- 
teins by the yeast Saccharomyces cerevisiae (3,27,29). The mating 
factor alpha (MFa) leader sequence is cleaved off sequentially 
by the KEX-2 endopeptidase and then by an amino peptidase 
STE13, leaving a correct A^-ierminal after guiding the recom- 
binant protein through the secretory pathway (II). In the 
expression plasmid paUXPTH-2, the MFa promoter, signal se- 
quence, and termination signal were employed. The secreted 
hormone was purified from medium to more than 95% homo- 
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FIG. 1. Inhibition of radiolabeled [Tyr^]chickenPTHrP(l-36)amide by 
different hPTHs. Recombinant hPTH(l-84) produced in £. coli (O), 
recombinant hPTH(l-84) produced in Saccharomvces cerevisiae (□), 
[GIn26]hPTH( 1 -84) (QPTH) produced in Saccharomvces cerevisiae (♦), 
and chemically synthesized hPTH( 1-84) (•) were tested in radioreceptor 
assay using LLC-PK, cells transfected with the rat PTH/PTHrP receptor. 
The data represent the mean ± SD of at last two independent experiments, 
each performed in triplicate. 



geneily, characterized chemically, and shown to represent the 
natural hormone (5,19). In addition to the intact hormone, an 
aberrant KEX-2 cleavage occurring at an internal site (5) after 
two consecutive basic amino acids in the hPTH sequence -Arg^^- 
Lys^^jLys^^-resulted in part fragmentation of the hormone. 
To improve the yield of hPTH, and to avoid internal degrada- 
tion, a point mutation was introduced into the gene, changing 
Lys in position 26 to Gin (Q) (23). The resulting agonist, 
[Gln^^]hPTH(l-84), called QPTH, was tested together with re- 
combinant hPTH( 1-84) produced in Saccharomvces cerevisiae 
and compared with chemically synthesized hPTH( 1 -84) in cer- 
tain biochemical and biological tests. 

We have also produced full-length hPTH in £, coli as a se- 
cretory product employing the Staphylococcus aureus protein 
A signal and regulatory sequences (9). After purification from 
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FIG. 2. Stimulation of cAMP by different hPTHs. Accumulation of in- 
tracellular cAMP in LLC-PK, cells transfected with the rat PTH/PTHrP 
receptor stimulated (15 min, 37°C) with recombinant hPTH(l-84) pro- 
duced in E. coli (O), recombinant hPTH(l-84) produced in Saccharo- 
myces cerevisiae {Q), IGln"]hPTH(l-84) (QPTH) produced in Saccha- 
romyces cerevisiae (♦), and chemically synthesized hPTH(l-84) (•). 
The data represent the mean ± SD of two independent experiments, 
each performed in duplicate. 
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FIG. 3. Induction of hypercalcemia by different hPTHs. Parathyroid- 
ectomized male Wistar rats were administrated different forms of hPTH 
(2.0 Mg of the recombinant hPTHs, 2.7 ^ig of the chemically synthesized 
hPTH) as described in the Method section. The stimulating agents were 
recombinant hPTH( 1-84) produced in £. coli(0\ recombinant hPTH( 1- 
84) produced in Saccharomyces cerevisiae (□), [Gln^*]hPTH( 1 -84) 
(QPTH) produced in Saccharomyces cerevisiae (♦), and chemically syn- 
thesized hPTH( 1-84) (•). Control (A). Blood samples were drawn at 0, 
1, 2, 3, 4, 5, and 6 h after injection of PTH. The results are reported as 
the difference between the amount of calcium in the blood at the various 
time points, subtracting out the amount of calcium in the baseline sample 
(delta values). The data represents the mean ± SEM {n = 6). 



medium and chemical characterization, this recombinant form 
was also included in the biochemical and biological character- 
izations. 

LLC-PK 1 cells (porcine renal epithelial cells) stably transfected 
with the cDNA for the rat PTH/PTHrP receptor (4) were used 
for the receptor binding studies and cAMP responsiveness; rats 
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FIG. 4. Urinary excretion of phosphate.* Parathyroidectomized male 
Wistar rats were administrated different forms of PTH (2.0 Mg of the 
recombinant hPTHs, 2.7 ^g of the chemically synthesized hPTH) as 
described in the Method section. Urine was collected for two periods: 
0-30 and 30-60 min after administration of PTH. The excretion of 
phosphate is expressed as the percent tubular reabsorption of phosphate 
(% TRP) and is calculated by the formula: (1 - phosphate clearance/ 
creatinine clearance) X 100. The result is reported as a change in % TRP 
related to the zero control level, and a decrease represents a greater amount 
of phosphate excreted in the urine. The data represents the mean ± SEM 
{n - 6). 
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FIG. 5. Changes in urinary cAMP after administration of PTH. Para- 
thyroidectomized male Wisiar rats were administrated different forms 
of PTH (2.0 Mg of the recombinant hPTHs. 2.7 of chemically syn- 
thesized hPTH) as described in the Method section. Urine was collected 
for 30 min after administration of PTH. The excretion of cAMP is re- 
ported as a change in cAMP concentration related to the zero control 
level. The data represents the mean ± SEM (n = 6). 



were used for measurements of the hypercalcemic response, urine 
phosphate, and cAMP. 

METHOD 

Chemically synthesized hPTH(l-84) was purchased from 
Bachem Fine Chemicals (Torrance, CA) and [Tyr^^Jchicken- 
PTHrP(l-36)-NH2 for radioiodination was from Peninsula 
Laboratories. The production, purification, and chemical char- 
acterization of recombinant PTHs have been described previ- 
ously (5,9,19,23). Peptide concentrations were determined by 
amino acid analysis. The blood and urine samples were analyzed 
for calcium, phosphate, protein, and creatinine on the Cobas 
Bio Alitoanalyzer. cAMP was analyzed using a commercial ra- 
dioimmunoassay kit from Amersham. All reagents were of 
highest purity available. 

Radioreceptor Assay 

LLC-PK, cells expressing the rat PTH/PTHrP receptor (4) 
were plated in 24-well plates. The cells were incubated with '^^I- 
labeled [Tyr^']chickenPTHrP( I -36)-NH2 (100,000 cpm per well/ 
0.5 ml) in the presence or absence of competing ligands at 1 5°C 
for 4 h, using a Tris-based binding buffer (50 mM Tris-HCI), 
pH 7.7, 100 mM NaCl, 5 mM KCI, 2 mM CaCh, 5% heat- 
inactivated horse serum, 0.5% heat-inactivated fetal calf serum 
as described (28). The competing ligands included chemically 
synthesized hPTH(l-84) from Bachem, recombinant hPTH(l- 
84) expressed in E. coli (9), recombinant hPTH( 1-84) expressed 
in yeast (5,19), and recombinant QPTH expressed in yeast (23). 
Techniques used for radioiodination of PTHrP analogue have 
been reported (12,13). PTH and PTHrP bind to and activate 
PTH receptors in bone and kidney in an indistinguishable man- 
ner (12,14). ('2^I][Tyr^^]chickenPTHrP(l-36)-NH2 was used as 
radioligand because of lower nonspecific binding (less than 5% 
of total binding) (14) compared to [*"l][Nle* *^Tyr^]bovine- 
PTH(l-34)-NH2, which gave 10-15% nonspecific binding (28). 

Intracellular cAMP Measurements 

For measurements of intracellular cAMP, LLC-PK, cells (4) 
expressing the rat PTH/PTHrP receptor were pleated in 24-welI 
plates (50,000 cells/well) and grown to confluence for 3 days 



(about 250,000 cells/well). The cells were placed on ice, rinsed 
once with 1 ml of cold Dulbecco's modified Eagle's medium 
containing 2 mM 3-isobutyl-l-methylxanthine, and 0.1% bovine 
serum albumin. Medium (0.5 ml) with or without PTH was 
added and cells were transferred to a 37°C water bath for in- 
cubation in 15 min. Then the cells were rinsed once with 0.5 
ml phosphate-buffered saline and immediately frozen on liquid 
nitrogen. Intracellular cAMP was measured by a radioimmu- 
noassay kit from Amersham, after lysing the cells with 1 ml of 
0.05 N HCl. 

Hypercalcemic Assay 

Male Wistar rats ( 1 50-200 g) were parathyroidectomized us- 
ing electrocautery 1 8 h prior to the start of the experiment. Pre- 
liminary experiments showed that this was a reliable way to 
obtain complete removal of parathyroid gland activity because 
plasma calcium fell linearly as a function of time, as also indi- 
cated by the control group in Fig. 3. Moreover, individual rats 
showed small variations in the results. The parathyroid glands 
were removed for two reasons. One, to eliminate the endogenous 
production of the hormone, and two, to make the animals more 
sensitive to exogenous hormone. The increase in sensitivity is 
assumed to be due to the upregulation of PTH receptors in target 
organs (16). Thus, it has previously been shown that tubular 
membranes prepared from parathyroidectomized rats reveal a 
higher binding of [^H]hPTH(l-34) and higher maximum stim- 
ulation of PTH -stimulated adenylate cyclase compared to control 
animals (16). It has also been shown (28) that downregulation 
of PTH receptors in ROS 17/2 cells occurs when the cells are 
exposed to PTH concentrations near hormonal physiological 
doses. More than 50% of the of the PTH-stimulated adenylate 
cyclase activity was recovered within 24 h after desensitization. 

The animals were fasted overnight, and anesthetized the next 
day using hypnorm dormicum (0.2 ml/rat). The carotid artery 
was cannulated using polyethylene-50 tubing. The cannula was 
connected to a syringe containing Ringers acetate, 4 % bovine 
serum albumin, 25 units heparin/ml. Five minutes after injection 
of 200 ^1 of the heparinized Ringers acetate, a baseline blood 
sample was drawn (300 The animals were tracheotomized 
to prevent respiratory failure due to damage to the recurrent 
laryngeal nerve running through the thyroid gland. The PTH 
agonist was then injected SC in a volume of 200 ^1. All agonists 
were dissolved into 100 ^\ of 0.01 N acetic acid. The test agents 
included: 



1. vehicle, 0.001 N acetic acid, 1% bovine serum albumin 
(control), 

2. chemically synthesized human PTH(l-84), 2.7 Mg/rat 
(chem. synt. hPTH), 

3. recombinant human PTH( 1 -84) from yeast, 2.0 Mg/rat (yeast 
hPTH), 

4. recombinant human PTH( 1-84) from E. coli, 2.0 Mg/rat (E, 
coli hPTH), 

5. recombinant [Gln^*^]hPTH(l-84) from yeast, 2.0 Mg/rat 
(QPTH). 

Due to the reduced receptor binding affinity and cAMP stim- 
ulation in the in vitro assays below, the chemically synthesized 
hPTH concentration was used at 2.7Mg/rat. 

After dissolving in acetic acid, the agents were brought up in 
900 m1 of Ringers acetate containing 1% bovine serum albumin. 
Blood samples were drawn at 1 , 2, 3, 4, 5, and 6 h after injection 
of hPTH or agonist. The rats were reheparinized 5 min before 
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drawing each blood sample using 200 pi of the hepurinized 
Ringers solution. 

All forms of hPTH were analyzed and quantified by amino 
acid analysis before administration to the rats. 

The blood samples were centrifuged in a clinical centrifuge 
for 10 min, then the plasma was analyzed for calcium using a 
Cobas Autoanalyzer. 

Urine Ana/ysis 

Male Wisiar rats ( 1 50-200 g) were parathyroideciomized us- 
ing electrocautery 18 h prior to the start of the experiment. The 
animals were fasted overnight, and anesthetized the next day 
using hypnorm dormicum (0.2 ml/rat). The carotid aner>' and 
the jugular vein were cannulated using polyethylene- 50 tubing. 
The cannula was connected to a syringe containing Ringere ac- 
etate. 4% bovine serum albumin. 25 units heparin/ml. The blad- 
der was caiheierized using PE-200 tubing. 

The carotid artery was cannulated for the collection of blood 
samples, and the jugular vein was cannulated for the purpose 
of injecting the hormones, and for a slow infusion for the purpose 
of volume loading the rats to increase the urine output. The rats 
were infused with Ringers acetate. 4% bovine serum albumin at 
the rate of 3 ml/h. The infusion was run for 2 h before the start 
of the experiment to equilibrate the animals. 

After the 2-h equilibration period, a baseline urine collection 
was made for 30 min, with a midpoint arterial blood sample 
drawn at 15 min. At the end of the baseline urine collection, 
the PTH was injected IV. and a new 30-min urine collection 
was started. Again, a midpoint blood sample was taken 15 min 
into the urine collection. A final 30-min urine collection was 
made from 30-60 min after the injeaion of PTH, with the mid- 
point blood collection made at 45 min after PTH injection. 

The excretion of phosphate is expressed as the percent tubular 
reabsorption of phosphate (% TRP). The % TRP is calculated 
by the formula: (I - phosphate clearance/creatinine clearance) 
X 100. A decrease of % TRP represents a greater amount of 
phosphate excreted in the urine. The creatinine clearance did 
not change in any of the treatment groups. It was not expected 
to change, and was only measured to calculate the % TRP. 

Siaiisiical Analyses 

A two-sample /-test was used comparing mean values of con- 
trol and treated groups of animals (2). 

RESULTS 

Radioreceptor Binding Studies and Intracellular cAMP 
Measurements 

Binding of the different hPTH forms is shown in terms of 
displacement curves using the ['-*I][Tyr^*']chicken PTHrP(l- 
36)-NH3 as radioligand and LLC-PKi cells permanently trans- 
fected with the rat PTH/PTHrP receptor. 

The chemically synthesized hPTH and QPTH had calculated 
bmdmg affinities with A'd of 18 nA^ (95% confidence interval: 
16.1-20.0 nM) and 23 nM(95% confidence interval: 19.0-27.2 
nA/). respectively (Fig. 1). The natural recombinant hPTHd- 
84) forms from Saccharomyces cerevisiae and £. coli had a sim- 
ilar but significantly lower apparent A,, of 9.5 x\M (95% confi- 
dence interval: 8.7-10.4 nM) (Fig. 1). In spite of these differences 
in receptor binding affinities, all the recombinant hormones had 
equal ability to stimulate intracellular cAMP accumulation (ECjo 
about 1.5 nM. 95% confidence interval: 1.0-2.2 nM) (Fig. 2). 
In contrast, the synthetic hPTH showed a significant reduced 
potency to stimulate cAMP production with EC50 of 5.7 nM 
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(95'5f. confidence interval: 3.4-9.6 nM) on a molar basis, and a 
reduced maximal response. 

Hypercalcemic Assay 

After parathyroidectomy, the control calcium concentration 
fell Hneariy | h after the operation (about 0.75 mg %/h) (Fig. 
3). The chemically synthesized hPTH was injected in a dose of 
2.7 Mg/rai compared to 2.0 Mg/rat employed for the other hPTH 
species due to the reduced receptor binding affinity and cAMP 
stimulation of the chemically synthesized hPTH These concen- 
trations were chosen on the basis of preliminary experiments 
using a range of different doses and were seleaed because thev 
gave a healthy hypercalcemic response and no observable side 

rP^!S'.^^7tr 'n'"^' temperature). The hypercalcemic 
response of the chemically synthesized preparation was some- 

rtnn^r' ^K^piu ''*™' ^''"^^ ^^^^^ ^^e Other 
recombinant hPTHs From these experiments it appeared that 
the declmmg parts of the curves were similar and like the slope 
of the control curve <Fig. 3). 

Tubular Reabsorption of Phosphate 

The percent tubular reabsorption of phosphate (% TRP) was 
calculated on basis of urine creatinine values and showed a strong 
and significant (p<Qm) reducuon after injection of the different 
PTH forms, and the potencies were similar. This effect was al- 
ready observed 1 5 min after injeaion, and was then close to or 
at Its maximum (Fig. 4). (For calculation of % TRP, the Method 
seaion.) 

Measurements of Cyclic Adenosine Monophosphate 

The changes in the cAMP content of the urine after admin- 
istration of PTH was somewhat variable, with the chemically 
synthesized hPTH showing the smallest effect However, all 
forms of PTH responded in a similar fashion. Therefore, there 
is no principal difference between the preparations of PTH in 
terms of their stimulation of cAMP release into the urine 
(Fig. 5). 

DISCUSSION 

Structural analysis of PTH indicates that PTH( 19-34) frag- 
ment contains substantial helical structure ( 1 7) and the residues 
1 7-28 form an a-helix (15). This assumption has been confirmed 
(6), showing that mutations of the hydrophobic residues Leu^"^, 
Leu ^ and VaF' in hPTH are critical for optimal PTH activity! 
in contrast to most mutations of the polar residues (i e Lvs^^' 
Lys^\ Gln^^ Asp^^ and His^ v y , 

We have previously showed that QPTH is fully active in assays 
of adenylate cyclase, and this observation has been confirmed 
(6). Also in bone resorption studies using mouse calvaria (23), 
the QPTH was equally potent compared with the natural hor- 
mone. Biotinylation of Lys^^ or Lys^' of [Nle*•'^Tyr^lbPTH(l- 
34)^has no effect on binding affinity (1), but substitutions as 
Lys ^ Glu and Lys^^ Thr causes partial reduction in cAMP 
production by PTH stimulation (6). 

Interestingly, the substitution in QPTH. Lys^^ Gin, lowers 
the hormone's affinity to the receptor 2.4 times, but does not 
influence the cAMP production compared to the wild-type hor- 
mone, indicating that the efficacy of the hormone receptor com- 
plex to stimulate the cyclase dependent G-protein(s) may still 
be similar. This certainly also shows that it is important to com- 
plement receptor binding studies with funaional analysis. 

Our in vivo studies have shown that the recombinant forms 
of hPTH are at least as potent as chemically synthesized hPTH 
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(29^0 higher doses of the chemically synthesized preparaiion were 
used), demonstrating that the yeast and E. ^coli hPTHs were 
correctly processed and that the molecule folded correctly to 
give the proper tertiary struaure, which is necessary to give full 
biological activity. Also, QPTH has folding charaaeristics that 
make it as active as the natural hormone. However, the reduced 
receptor binding potency and biological responses of the chem- 
ically synthesized hPTH on a molar basis is unexplained, but 
may be related to an inadequate ^terminal struaure that is the 



last synthesized part of the peptide and for PTH is of crucial 
importance for receptor binding and eliciting the biological re- 
sponses. 
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The mucosal immune system : 
from fundamental concepts to 
vaccine development 
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Recent studies in experimental animals and humans have 
shown that the mucosal immune system, which is 
characterized by secretory /^'A fS-/^'A ) antibodies as the 
major humoral defence factor, contains specialized lymphoid 
tissues where antigens are encountered from the environ- 
ment, are taken up and induce B- and T-cell responses. 
This event is followed by an exodus of specific lymphocytes, 
which home to various effector site^ such as the lamina 
propria regions and glands. These responses are regulated 
by T cells and cytokines and lead to plasma cell 
differentiation and subsequent production of S /gA anti- 
bodies in external secretions. This knowledge has led to 
practical approaches for vaccine construction and delivery 
into mucosal inductive sites in an effort to elicit host 
protection at mi: ' sal surfaces where the infection actually 
occurs. 



Keywords: Mucosal; secretory IgA: lamina propria; Fever's patches: 
lymphocytes 



THE MUCOSAL IMMUNE SYSTEM 

Among the most important protective humoral immune 
factors at mucosal surfaces where most pathogens enter 
the host are locally produced antibodies of the secretory 
IgA (S-IgA) isotype. This isotype constitutes >80% of 
all antibodies produced in mucosa-associated tissues 
(reviewed in Refs 1 and 2), and S-IgA is induced, 
transported and regulated by mechanisms that are 
remarkably distinct from those involved in systemic 
antibody responses^-^ The mucosal immune system can 
be divided into sites where antigen is encountered and 
initial responses are induced and into the larger surface 
areas where IgA plasma cells are found and where the 
production of S-IgA antibodies results in local immune 
protection. It is now well established that environmental 
antigens, which are most often encountered by inhalation 
or ingestion, can be taken up into specialized lympho- 
reticular tissues in the upper respiratory tract (URT) and 
the gastrointestinal (GI) tract^ ^ These are termed, 
respectively, bronchus-associated and gut-associated 
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lymphoid tissues (BALT and GALT)^-^ A number of 
studies in several experimental animal models including 
mice and in humans have provided compelling evidence 
that the stimulation of IgA precursor B cells in GALT 
with orally administered antigens leads to the dissemi- 
nation of B and T cells to mucosal effector tissues such 
as lamina propria regions of the intestinal, respiratory 
and genitourinary tracts and various secretory glands 
for subsequent antigen-specific S-IgA antibody re- 
sponses'-^'^-^^. Further, several oral vaccines have been 
shown to induce appropriate S-IgA responses in remote 
secretions including saliva, tears and fluids obtained from 
nasal and gastrointestinal washes ( reviewed in Refs I and 
10). Thus, it is feasible to consider that most vaccines 
which are currently given by the systemic route and those 
currently under development could be considered for oral 
administration. Oral immunization is both practical and 
safe in terms of lack of side effects and can induce 
protective mucosal S-IgA responses. However, oral 
administration of proteins, including subunit vaccines, 
may induce a state of unresponsiveness, termed oral 
tolerance^ ^ 

Therefore, in order to achieve the goal of effective oral 
immunization, we must define antigen delivery systems 
better and simultaneously measure both humoral and 
cellular responses to the vaccine epitopes. This will 
require studies of regulatory cells including T cells as well 
as effector lymphocytes (both B and T cells) in mucosal 
responses. Finally, the end result of oral immunization, 
e.g. the induction of ^^protective immunity, must be 
unequivocably assessed"at the site of mucosal entry by 
the pathogen. 

IgA inductive sites 

Most studies of IgA inductive sites have been 
performed on GALT, which is collectively represented 
by the Peyer's patches (PP), the appendix, and small 
solitary lymphoid nodules. The BALT shares many 
anatomical similarities with GALT, and probably serves 
the same functions in the URT^ '^. The PP contain a 
dome region enriched for lymphocytes, macrophages and 
some plasma cells. This dome area is covered by a unique 
epithelium enriched for specialized antigen-sampling 
cells, termed follicle-associated epithelial (FAE) or 
microfold ( M ) cells, which exhibit thin extensions around 
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lymphoid cells^^"*^. The FAE or M cells have short 
microvilli, small cytoplasmic vesicles and few lysosomes, 
are adept at uptake and transport of lumenal antigens, 
including proteins and particulates such as viruses, 
bacteria and even small parasites^ ^. Antigen uptake by 
M cells does not result in degradation, but instead of 
delivery of intact antigen into the underlying lymphoid 
tissue^^. 

Distinct follicles ( B cell zones ) occur beneath the dome 
region of PP. The follicles contain germinal centres, 
where significant B cell division is seen ( Table 1 ). These 
germinal centres are considered to be sites where frequent 
B cell switches to IgA and affinity maturation occur and 
these germinal centres contain the majority of surface 
IgA"^ (slgA"^) B cells^^'^^. However, unlike immune 
lymph nodes and spleen, the B cell zones do not give rise 
to significant numbers of plasma cells. Adjacent to 
follicles are the T-cell dependent areas, which contain all 
major T cell subsets ( Table 1 ). The T cells present in the 
PP are mature, e.g. they contain a T-cell receptor CD3 
complex, and >95% of these T cells use the ot/fi form 
of T cell receptor (TCR). Approximately 60% of PP T 
cells are CDS"", CD4'', CDS" and exhibit properties of 
T-helper cells including support for IgA responses^. 
Nevertheless, significant numbers of CDB"^, CD4~, 
CDS^ T cells are also present in PP, and one can induce 
functional cytotoxic T lymphocytes (CTLs) with this 
phenotype in the PP^*^^. 

Thus, all necessary immunocompetent cells, including 
CD4'' Th cells, CDS ^ CTLs,sIgA^ B cells and accessory 
cells (class 11-"^ B cells, -dendritic cells and -macro- 
phages ) are present in IgA inductive sites ( Table 1 ). These 
cells are engaged in regulation of induction of antigen- 
specific effector cells which will ultimately mediate both 
humoral and cellular immune responses for mucosal 
protection. Thus, by use of appropriate oral antigen 
delivery, one can now study the induction of CD4'^ Th 
cells and slgA"^ B cells to protein epitopes. For virus 
vaccines, it will be important to determine if antigen- 
specific, CD8^ CTLs, which exhibit cytolytic functions, 
are also optimally induced in the mouse PP, 

Mucosal effector sites 

Following antigen stimulation in PP and its presen- 
tation to B and T cells, the antigen-induced B and T cells 
leave the PP via efferent lymphatics and reach the 

Table 1 Unique characteristics of immune cells in IgA inductive and effector tissues 



systemic circulation through the thoracic duct. These 
lymphocytes then enter the effector sites such as the 
lamina propria of the respiratory, Gl and reproductive 
tracts, and glandular tissues, where these lymphoid cells 
are selectively retained by mechanisms not yet under- 
stood. The B cells clonally expand under the influence of 
antigen, T cells and cytokines, and become mature IgA 
plasma cells^'^. 

The lamina propria of the GI tract is a major mucosal 
effector site and the main cell types found are lympho- 
cytes, including 20-40% B cells (including plasma cells) 
and 40-60% T cells ( Table 1 ). Other important cell types 
include macrophages { ^ 10% ), eosinophils ( ^ 5% ) and 
mucosal mast cells 1-3%). Although large numbers 
of plasma cells, mostly of the IgA isotype are seen, T 
cells, as indicated, are the most frequently isolated cell 
type seen in these regions^ ^"'^ The majority of T cells 
are CD3^, CD4^. CDS" and exhibit helper functions'*^. 
Approximately one third of the T cells in these effector 
regions are CD3^, CD4", CDS"^, and may exhibit CTL 
(or possibly suppressor) functions {Table J). More 
studies are required to determine the precise functions of 
these two major effector T cell subsets in orally 
immunized as well as in normal animals. Macrophages 
found in significant numbers in the lamina propria'^ may 
be involved in antigen processing and presentation at 
this site. Only limited information is available at present 
on antigen-specific CD4^ Th cell and slgA"^ B cell 
interactions in effector tissues. It is important to under- 
stand the cellular and molecular interactions between 
these cells for induction of local responses to vaccine 
antigens. Further, the induction of functional CD8^ CTLs 
in effector sites must also be studied in more detail. 

Ly-1 ^ B cells as precursors of IgA plasma cells 

Early experiments in rabbits'^ have convincingly 
demonstrated that the GALT, represented primarily by 
PP, serves as a source of precursors of IgA plasma cells 
that populate distant tissues including the lamina propria 
of the intestines. Numerous other studies have now 
shown that PP B cell repopulation of the mammary, 
lacrimal, salivary, and uterine glands, the respiratory 
tract, and, to a lesser degree, spleen and lymph nodes 
also occur ^ However, it has recently been shown that 
significant numbers of IgA plasma cells in the murine GI 
tract can be derived from a self- renewing Ly-l (CD5"^ ) 



Tissues 



Cell subsets 



Characteristics 



Payer's patch (PP) 



Lamina propria of intestine 



fCD3\ CD4 \ CDS' T cell 
CD3^ CD4-, CDS" T cell 
CD3*, CD4-, CDS" T cell 
slgA^ B cell 

Accessory cells (MO and DC) 
fCD3\ CD4^ CD8- T cell 
CD3\CD4-, CD8^ T cell 
CDZ\ CD4-, CD8" T cell 



Support preferentially IgA responses. Equal frequency of Thi 
and Th2 type cells. Approximately 65% of CD3^ T cells 

Precursor cells for cytotoxic T lymphocytes. Inhibition of immune 
responses. Approximately 25% of CD3^ T cells 

Conversion of oral tolerance. y/S TCR bearing cells. Approxi- 
mately 5% of CDS ' T cells 

High frequency of IgA committed B cells (5-10% of B cells). 
Presence of memory and virgin (germinal centre) cells 

Effective antigen-presenting cells. DC-T cell cluster support IgA 
synthesis. Less than 5% of PP cells 

Support IgA responses. Higher frequency of Th2 type cells. 
Approximately 50% of CD3^ T cells 

Down regulation of IgA synthesis? Effector CTLs. Approximately 
30% of CD3'' T cells 

Unknown (protection of Th cells?) Approximately 10%of CDS"^ 
T cells 



CT or CT-3 Conjugates 
MTcrocapsules 
Live vectors 
/ Poliovirus\ 
[ Adenovirus \ 
\ Salmonella 1 
\ BCG / 




Mesenteric 
Lymph Node 



Thoracic Duct — 



Blood 
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(in peritoneum) 



Lamina Propria of 
Intestine 



Target cells for 
Immunization? 



Common Mucosal 
Immune System 



Lamina Propria 
of Upper Respiratory Tract 



Eye 
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Lacrimal Gland 
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Lamina Propria 
of Genitourinary Tract 



Salivary Gland 
Oral Cavity 



FiQure 1 Induction of antigen-specific mucosal immune responses by the common mucosal immune system. Possible ^"^'9^" ^f^^n^^^r' 
Kming of S^ommitt^^^ B cells in IgA inductive sites (e.g. GALT) and alternative target B cells (Ly-1 ' B cells) for the .nduct.on of IgA responses 



B cell population which resides in the peritoneal cavity". 
Recent studies have suggested that the Ly-1"^ B cell 
lineage may differ from B cells which arise in the bone 
marrow^-, since they are derived from fetal omentum"^ 
and exhibit unique phenotypic and localization pro- 
perties"^'*^. It is now established that these Ly-1 B cells 
give rise to serum IgM, with specificity for naturally 
encountered antigens, as well as to a variety of 
autoantibodies'^-^^^. It is not yet established if the IgA 
produced by plasma cells derived from the peritoneal 
Ly-1 B cell subset also exhibits specificities for natural 
and self antigens. It is also not known if B cells from PP 
migrate to the peritoneum and form part of this Ly-l"^ 
lineage. However, it has been shown that the PP are 
markedly deficient in Ly-1 B cells^^ It is possible that 
the initial encounters with antigen in the gut induce 
antigen-specific B cell responses and that subsequent 
memory B cells express Ly-1 and take up residence in 
the peritoneum {Figure 1). Alternatively, the PP and 
peritoneal B cell subsets may represent non-overlapping 
populations. Memory B cells in this site could represent 
a continued source of antigen-specific B cells for mucosal 
tissues. Thus, both PP and the peritoneum may represent 
sites for development of B cells capable of repopulating 
mucosal tissues. In this regard, in order to induce 
maximum antigen-specific IgA responses at the mucosal 
surface area, one must consider the possibility that Ly-1 
B cells can be target cells for immunization to induce 
antigen-specific IgA responses {Figure / ). 



The common mucosal immune system and 
oral vaccines 

Following antigen presentation by PP accessory cells, 
B and T cells leave the PP in efferent lymphatics and 
reach the systemic circulation through the thoracic duct 
( Figure 1 ). Circulating B cells then enter distant mucosal 
tissues, where they are preferentially retained. In these 
mucosal effector sites. B cells clonally expand and mature 
into IgA plasma cells'-'"^-^^ This cell distribution 
pathway from IgA inductive tissues (e.g. GALT and 
BALT) to IgA effector sites (e.g. lamina propria regions 
of the intestine, the bronchi, the genitourinary tract and 
secretory glands) has been termed Uhe common mucosal 



immune system 



{Figure 1 ). In this regard, it was 



demonstrated that lymphocytes from the PP can 
repopulate lymphoid tissues of irradiated animals. 
Particularly important was the finding that the mucosa 
of the intestinal tract of irradiated rabbits contained 
IgA-producing cells expressing ^the L-chain allotypes of 
the donor rabbit upon transfer of PP lymphocytes^. This 
study was the first to propose that the PP are an enriched 
source for precursors of IgA-producing cells which 
possess the capacity to home to mucosal associated 
tissues. Numerous subsequent studies, performed pri- 
marily in mice, extended these observations and the 
BALT was identified in addition to the GALT as another 
source of such cells^ In addition to the intestinal and 
respiratory tracts, remote secretory glands such as 
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mammary, parotid, lacrimal, and cervical glands of the 
uterus^ '"' -^ can be populated by IgA-precursor cells 
derived from BALT and GALT. 

The importance of PP lymphocytes in dissemination 
to other exocrine tissues of antigen-sensitized precursors 
of IgA plasma cells was demonstrated by the use of ligated 
ileal loops^. Two isolated ileal loops, one with and the 
other without a PP, were constructed without the 
interruption of the flow of blood and lymph. After the 
introduction of antigens (dinitrophenyl-coupled keyhole 
limpet haemocyanin ancl Salmonella typhimurium) into 
the loop that contained the PP, a S-IgA response was 
detected in both loops, while these antigens introduced 
into a loop devoid of PP did not induce an immune 
response^. These observations directly implicated the PP 
as the source of precursor celts that are capable of 
undergoing direct antigen-driven stimulation to migrate, 
divide and diff'erentiate, and repopulate the intestinal 
lamina propria with cells that secrete specific IgA 
antibodies. Furthermore, IgA from several secretions of 
a single animal orally immunized with the dinitrophenyl 
hapten on a carrier displayed, upon isoelectric focusing, 
identical spectrotypes, suggesting that IgA cells that 
populate various exocrine tissues were derived from a 
common clone^. 

The existence of the common mucosal immune system 
{Figure 1 ), and especially the determination of the origin 
of mucosal IgA plasma cells in humans is inevitably 
based on indirect evidence because of the obvious 
impossibility of performing adoptive transfers of lympho- 
cytes. However, many experiments^ strongly indicate 
that an analogous system also operates in humans. 
Briefly, it was shown that (i ) external secretions of glands 
anatomically remote from the site of antigen stimulation 
contained S-IgA antibodies that were specific for 
microbial and food antigens; (ii) ingestion of bacteria 
and viruses induced the parallel appearance of specific 
S-IgA in saliva, milk, and tears but not in serum; (iii) 
specific IgA antibody-forming cells could be transiently 
detected among peripheral blood mononuclear cells 
(PBMC) collected 7-12 days after oral immunization 
and their presence precedes the appearance of specific 
S-IgA antibodies in saliva and tears; and (iv) analyses 
of the properties of IgA from stimulated human PBMC 
revealed that such cells produced predominantly pIgA 
and display an IgA subclass distribution reminiscent of 
IgA"^ cells in mucosal tissues^-^^. By these criteria. 
PBMC difier from IgA-producing cells in the bone 
marrow, spleen, and lymph nodes; these cells secrete 
predominantly mIgA of the IgAl subclass and are J 
chain-negative^^"'^. 

In summary, one can conclude that in mammals the 
GALT, especially the PP, are major IgA inductive sites 
which lead to S-IgA responses in remote external 
secretions by a cell redistribution pathway termed the 
common mucosal immune system (Figure 1). It is 
surprising that despite our current level of understanding 
of the common mucosal immune system, almost all 
current vaccines are given to humans by the parenteral 
route. Systemic immunization is essentially inefl'ective for 
induction of mucosal immune responses. Since the 
majority of infectious microorganisms are encountered 
through mucosal surface areas, it is logical to consider 
the induction of protective antibodies and T cell 
responses in mucosal tissues. The host response via the 
common mucosal immune system, which occurs to 



environmental antigens, should be used to advantage for 
development of mucosal vaccines. 

T cells and cytokines in the mucosal 
immune system 

The induction of eff'ective immunity to pathogenic 
viruses and bacteria must consider the activation of two 
well-defined classes of T cells. These include CDS"^, 
CD4''. CDS' Th cells which are induced to epitopes 
presented on MHC class II molecules by antigen- 
presenting cells (APC)-*^'^". In mucosal inductive sites 
these A PCs include B cells, dendritic cells and macro- 
phages'". Activation of antigen-specific CD4^ Th cells 
can lead to secretion of appropriate cytokines (e.g. IL-4, 
IL-5 and IL-6) for B-cell responses and Ig synthesis. In 
addition, antigen-activated CD4^ Th cells can also up 
regulate the function of CTLs which are major effectors 
for elimination of virus-infected cells. CTLs normally 
express CDS and respond to virus epitopes presented 
together with MHC class I molecules-^^'^^ Thus, in order 
to induce appropriate mucosal immune responses to 
orally administered vaccines, one must study the 
induction of antigen-specific CD4"^ Th and CDS"^ CTLs 
in both IgA inductive (e.g. PP) and eff'ector (e.g. 
intraepithelial lymphocytes (lELs) and lamina propria 
lymphocytes (LPL)) sites. 

T cell ref^ulation of IgA responses. A direct role for 
T cells in IgA responses was first shown by experiments 
with PP T cells activated with concanavalin A (Con A). 
Addition of activated PP T cells to splenic or PP B cells, 
triggered with LPS, resulted in four to sixfold increases 
in IgA synthesis'*^; however, IgM and IgG responses 
were suppressed. On the other hand. Con A activated 
splenic T cells suppressed IgA synthesis-*^. These 
important findings suggested that a separate T cell 
subset, enriched in PP but absent in spleen, regulates 
IgA synthesis. In additional studies, a unique subset of 
T cells was also discovered in murine PP, which could 
induce IgA isotype switching^"^*^^. The initial demon- 
stration of switch T cells (Tsw) utilized T-cell clones 
derived from Con A-stimulated PP cell cultures. Tsw 
cells from murine PP, in contrast to spleen-derived Tsw 
cell clones, preferentially induced increased numbers of 
slgA"^ B cells with an accompanying decrease in slgM"^ 
B cells in lipopolysaccharide (LPS)-treated splenic B cell 
cultures^"^*^^. However, these Tsw cells did not induce 
terminal diff'erentiation of slgA^ B cells into plasma cells. 
Other work has shown that a subset of CD4'^ Th cells 
in PP could preferentially support antigen-specific IgA 
responses^'*'^^. In this work, several CD4'^ Th cell clones 
were generated from PP of mice orally primed with a 
classical T cell dependent (TD) antigen, e.g. sheep 
erythrocytes (SRBC). A subset of PP-derived CD4*' Th 
cells selectively interacted with slgA"^ B cells and induced 
them to become IgA-producing cells^^. One of the unique 
characteristics of these isotype-specific CD4"^ Th cells 
was the expression of Fca receptors (FcaR), although 
the exact role of this receptor in isotype-specific 
immunoregulation is still unknown^^-^^. 

It is now well accepted that cloned murine CD4^ Th 
cells can be separated into two subsets (e.g. Thl and Th2 
cells) according to their profile of cytokine pro- 
duction^*'~'^^ In response to activation by foreign 
antigen, alloantigen or Con A, Thl cells produce IL-2, 
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IFN-y and lymphotoxin (TNFj?) and Th2 cells produce 
IL-4, IL-5, IL-6 and IL-IO^^-'^^ This subset analysis has 
been performed at the level of specific mRNA and 
cytokine synthesis and the bioassay of T cell clones and 
hybridomas which were kept in long-term culture in 
vitro"^-^. Both classes of antigen-specific Th cell clones 
express a typical Th cell phenotype, i.e. CD3^, CD4^ , 
CD5^ and CDS". In addition, clones of both Thl and 
Th2 cells help B cells respond to antigen although there 
are important differences in the Ig isotypes produced 
following cognate- and specific-cytokine interactions. It 
was recently shown that Thl and Th2 type CD4^ T cells 
reside in both IgA inductive and effector tissues and the 
higher expression of Th2 cells in mucosa-associated 
tissues could be associated with IgA responses that occur 
in these sites"^^. Using an IFN-y-(Thl cells) and 
IL-5-(Th2 cells) specific ELISPOT assay'*^ the fre- 
quencies of Thl and Th2 type cells were assessed in 
lymphocyte populations obtained from PP (IgA inductive 
site), and lEL and LPL (IgA effector site). 

Lymphocyte preparations obtained from all mucosa- 
associated tissues used in this study contained higher 
numbers of spontaneous IL-5- and IFN-y-secreting cells 
when compared with spleen"^"^. Among gut-associated 
tissues, LPL, a major IgA effector site, contained the 
highest number of IL-5-pr6ducing CD4"^ Th cells with 
lower numbers of IFN-y-secreting cells'^*. In contrast,, 
the PP, a major IgA inductive site, possessed fewer 
IL-5 and IFN-y-producing CD4^ Th cells. In this regard, 
the frequency of spontaneous IL-5-secreting cells was 
considerably higher in LPL when compared with PP. 
Further, freshly isolated CD4^ T cells from the 
LPL subset formed two to three times more IL-5 spot 
forming cells (SFC) than IFN-y-producing cells. In 
contrast, approximately equal numbers of Thl and Th2 
type cells were detected in the PP CD4"^ T cell fraction, 
which also had fewer cytokine-producing cells than LPL. 
These results show that IgA effector sites - (LPL) 
contained higher numbers of IL-5 producing Th2 
cells than IFN-y-secreting Thl cells, while IgA inductive 
sites (PP) exhibited an equal distribution of Thl type 
and Th2 type cells'^'^. Based on these findings, it will be 
important to determine the frequency of antigen-specific 
Thl - and Th2-type CD4^ Th cell responses in both IgA 
inductive and effector tissues of mice given vaccines by 
the oral route. 

A significant finding was that lELs also contained both 
IL-5 and IFN-y-producing cells"^"^ in approximately equal 
numbers, suggesting that lELs may contain two types of 
T cells according to their ability to produce either IFN-y 
or IL-5. Since the lEL fraction is made up largely of 
CDS"^ cells (^80%)^*^ and contains significant numbers 
of IFN-y and IL-5 SFC, studies were carried out to 
determine whether CD8^ T lymphocytes in lELs were 
capable of producing cytokines. IL-5 secreting cells were 
found in the purified CDS"^ T-cell fraction of lEL'^'^, and 
similar numbers of CDS"^ T cells secreting IFN-y were 
also seen in the lEL subset. However, very few IFN-y or 
IL-5 SFC were seen in CDS"^ T cells from spleen or PP, 
showing that CDS*^ T cells in lEL contain subpopulations 
which produce both IFN-y and IL-5. These findings 
suggested that the lEL population may contain unique 
subsets of CDS"^ T cells which could provide Th cell 
cytokines in addition to a classical function in cyto- 
toxicity. Thus, we can examine the exact role of 
cytokine-producing CDS^ T cells in lELs for both 



antigen-specific CTL responses and possible regulatory 
function for B-cell responses to orally administered 
antigens. 

Finally, it is important to emphasize that enteric 
immunization with various types of antigens can induce 
functional effector T cells in PP. Oral priming with SRBC 
resulted in the induction of Th cells which supported 
hapten-specific antibody responses'^^. A large number of 
subsequent studies have shown that Th cells with 
specificity for soluble"^® or particulate antigens^^"^^ 
can be induced in PP by oral immunization. Further, oral 
administration of BCG induced T cells responsive to 
purified protein derivative (PPD)"^^, Finally, enteric 
exposure to reovirus resulted in functional CTLs in the 
PP^ ®. A large number of studies have subsequently shown 
that clonal T cell populations, specific for the enteric 
antigen, can be derived from the PP (see below). 
Furthermore, functional Th cells from PP have also been 
described in detaiP^"^^ "^^. In conclusion, oral adminis- 
tration of vaccines should be assessed for induction of 
appropriate antigen-specific CD4'^ Th cells and CDS"^ 
CTLs in both IgA inductive and effector tissues. 

Cytokine regulation of IgA responses. Cytokines are 
of importance in IgA responses, and may be divided 
into two categories. The first are cytokines which 
influence the isotype switch to IgA, and the second are 
those which induce sIgA"*" B cells to terminally differentiate 
into IgA plasma cells. Convincing evidence has been 
presented to show that TGF-j? induces slgM"^ B cells to 
switch to sIgA expression^°'^^ The cytokines IL-5 and 
IL-6, on the other hand, have been shown to be most 
effective for induction of IgA synthesis^'^^'^^. 

Several studies have shown that murine IL-5 selectively 
enhances IgA synthesis^^'^'^^^. It has been shown 
that an autoreactive T-cell line derived from mouse PP, 
incubated with splenic LPS-induced B-cell blasts, resulted 
in enhanced synthesis of both IgGl and IgA^"^. Further- 
more, supernatants from the original cell line, and from 
one of two daughter cell lines, yielded IL-4 and IL-5 and 
enhanced IgGl and IgA synthesis. When added to 
LPS-driven B-cell cultures, highly purified IL-5 enhanced 
IgA production and this effect was further increased by 
IL-4^'^. Other studies have shown that supernatants from 
Th2 cell clones enhanced IgA synthesis in LPS-triggered 
splenic B-cell cultures^^ This IgA-enhancing factor 
(IgA-EF) was purified from culture supernatants of a 
Th2 cell clone and a resulting 21 -amino acid sequence 
was found to correspond to that predicted from a cDNA 
clone of murine IL-5, confirming that the IgA-EF 
produced by the various T-cell Hnes was indeed IL-5^^'^^. 
The mechanisms of IL-5 regulation of IgA synthesis have 
been studied in more detail^^'^^'^^, and the results 
obtained in these studies clearly indicate that IL-5 induces 
IgA-committed B cells to secnete IgA. Since the PP 
possess a high frequency of B cells committed to IgA and 
which express sIgA, PP B-cell subsets have been 
used to study IL-5-induced effects. In this regard, it was 
shown that lL-5 induced IgA synthesis in LPS-stimulated 
slgA"^ but not in slgA" B cells^^ IL-5 also induced 
increased numbers of IgA-secreting cells but did not 
enhance cell division in culture, suggesting that IL-5 
induces terminal differentiation of IgA-committed B cells 
to secrete IgA. 

Studies have also been carried out on the target PP 
B-cell population affected by IL-5 in a system which did 
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not require LPS' stimulation. It is now established that 
GALT cells are naturally exposed to environmental 
microbial stimulants and that ^30-40% of PP B ceils 
are in cell cycle^^'^^. It was thus feasible to separate PP 
B cells into large blasts and small, resting lymphocytes 
using PercoU gradients. The addition of recombinant 
lL-5 (rIL-5) to PP B-cell cultures resulted in increased 
synthesis of IgA, with little or no effect on the production 
of IgM or IgG isotypes^^. IL-4 had no effect on IgA 
synthesis when added either alone or together with IL-5. 
The IL-5-induced increase in IgA synthesis was restricted 
to large blast, slgA"^ B cdls, and the rIL-5-enhanced IgA 
synthesis occurred in a dose-dependent fashion ^^ These 
studies suggest that IL-5 induces slgA^ B cells to 
differentiate into cells secreting IgA in a manner 
completely analogous to the known effects of IL-5 for 
other isotypes, and that LPS alone may induce B-cell 
switching to IgA and the increased expression of 
receptors for IL-5. The presence of IL-5, therefore, would 
be sufficient to direct the IgA-committed, IL-5R ^ B cells 
to become IgA-secreting cells. 

It is now well established that IL-6 induces terminal 
differentiation of B cells which have been activated with 
mitogen or antigen, and that both rIL-5 and rIL-6, but 
not rIL-4, induce significant increases in IgA synthesis 
in PP B-cell cultures^*^. In these studies, rIL-6 appeared 
to be two to three times more potent than rIL-5^-\ 
Furthermore, both rIL-5 and rIL-6 induced significant 
increases in IgA levels in the large blast B-cell population ; 
however, the addition of rIL-6 also resulted in IgA 
synthesis in small, resting B-cell cultures at levels 
comparable to that induced by rIL-5 in the blast 
population. When PP B cells were separated into slgA^ 
and sIgA" B-cell subsets by flow cytometry, removal of 
slgA"^ B cells abolished the effect of both rIL-5 and rIL-6 
on IgA synthesis. On the other hand, subsets enriched 
for slgA"^ cells and incubated with rIL-5 or rlL-6 
increased IgA synthesis in a dose-dependent manner with 
rIL-6 appearing to be two to four times more potent than 
rIL-5. Thus, both IL-5 and IL-6 induce sIgA ^ blast B-cell 
subsets to differentiate into IgA-secreting cells. Since IL-6 
induces increased numbers of B cells secreting IgA at 
higher levels of total IgA synthesis, it is more effective 
for terminal differentiation than IL-5^^. Thus, both IL-5 
and IL-6 appear to act on B cells already committed to 
IgA production. In order to evaluate whether orally 
administered vaccines can induce appropriate IgA 
responses at mucosal surfaces, one must induce antigen- 
specific CD4^ Th cells which can provide the appropriate 
cytokines such as IL-5 and IL-6 to antigen-specific sIgA 
B cells to induce their differentiation into Ig-producing 
plasma cells. Further, it is also feasible to consider that 
the delivery of these cytokines together with specific 
vaccines to mucosal effector sites could allow the 
maximum production of antigen-specific IgA responses. 

CTLs in mucosal immunity. It is important to 
consider the induction of. effective T-cell immunity at 
mucosal sites. Generally, this would exist in two forms, 
namely CTL responses to viral components and induc- 
tion of CD4"^ (or possibly CDS"^ ) T cells which produce 
cytokines for activation of macrophages and more 
effective killing of intracellular bacteria, e.g. SalnwnellcL 
In this regard, Thl cells appear to meet this requirement, 
and are thought to be the principal effector cells for CM I 
responses. In general, virus-infected cells are lysed by 



CDS'", CD4-, CDS"" CTLs which must recognize a 
complex of virus-derived peptide and major histocom- 
patibility complex (MHC) class I molecules expressed 
on the surface of infected (target) cells^*'^^. Since CTLs 
have been shown to be an effective cellular compartment 
for the elimination of virus-infected cells, one must 
evaluate effective CTL responses in mucosa-associated 
tissues after oral immunization. Studies in both humans 
and experimental animals have shown that cell-mediated 
cytotoxicity, antibody-dependent cytotoxicity and natural 
killer (NK) activity can be associated with mucosal 
tissues'*^-^^"^'*. Furthermore, functional CTL activity has 
also been shown in subsets of lELs and in LPLs"^^-^*^"^^. 
In addition to antigen-specific CTLs, lELs contain a 
subset with NK function and this also exhibits sponta- 
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It is important to indicate 



that antigen-specific CTLs can be generated in IgA 
inductive sites such as the PP by oral administration. 
Thus, CTL function directed to mismatched MHC was 
induced in PP of mice given allogeneic tumour ceils via 
the oral route^**-^^. More importantly, it was shown that 
alloantigen-specific CTLs were induced in lELs isolated 
from mice orally immunized with allogeneic tumour 
^gllg7o.7i CTL clones were established from lELs 

of alloantigen orally immunized mice, these clones could 
be separated into two subsets^ ^ One population of 
cloned CTLs exhibited classical characteristics of CD8"^ 
cytotoxic T cells with respect to proliferation and 
cytolytic activity. On the other hand, the second subset 
of T cells possessed unique properties in which high 
concentrations of IL-2 could activate these cells to exhibit 
non-antigen-specific lytic potential including NK acti- 
vity^ ^ These findings clearly suggest that mucosa- 
associated tissues are also protected by cytolytic mecha- 
nisms including CTLs, antibody-dependent cell cyto- 
toxicity (ADCC) and NK cells in addition to S-IgA 
antibodies. 

Several recent studies have indicated that lELs could 
play important roles in the induction and regulation of 
mucosal immune responses. lELs possess a number of 
unique features which are distinct from lymphocytes 
residing in other lymphoid tissues. For example, lELs 
consist of four distinct subsets of T cells including CD4", 
CD8^,(^75%),CD4^CD8- ( ^ 7.5% ), CD4-, CDS" 
(double negative, DN :^7.5%) and CD4^, CD8^ 
(double positive, DP =^10%)"^'. In mice, ^50-60% of 
CD3^ T cells in lELs express the T cell receptor (TCR) 
composed of a y-chain disulphide linked to the 3 
chain^--''-*. Thus, lELs are enriched for y/S TCR^ T 
cells which are not seen in other organized lymphoid 
tissues. Further, the uniqueness of CDB"^, y/S TCR"^ T 
cells in lELs is derived from the finding that the antigen 
receptor of these y/S'^ T cells is predominantly encoded 
by the distinct V,,^ gene^"^. It is essential to examine the 
exact functions and characteristics of CDB"^ T cells in 
lELs of mice which have been orally immunized with 
various vaccines. 

Finally, it is important to note that oral administration 
of antigens, e.g. virus, can induce virus-specific CTLs in 
GALT as well as in other mucosa-associated tissues. 
Oral immunization of rats with vaccinia resulted in the 
generation of virus-specific CTLs in PP and mesenteric 
lymph nodes (MLN)'^^ Vaccinia-specific CD4~, CDS*^ 
CTLs were found in the MLN within I week of 
oral immunization. This would suggest that after enteric 
immunization, antigen-stimulated CTLs were dissem- 
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inated Irom PKinto MLN via the iymptiatic drainage ' 
Further, yirus-specific CTLs were also induced in 
mucosa-associated tissues by oral administration of 
reovirus and with rotavirus^®"^^. In these studies, a high 
frequency of virus-specific CTLs was present in the IgA 
inductive tissues as early as 6 days after oral immunization. 
It should also be noted that oral immunization induced 
antigen-specific CTLs in systemic tissues (e.g. spleen) in 
addition to mucosa-associated tissues^^. Based on these 
findings, it is likely that oral immunization with viral 
antigens induces antigen-specific CTLs in both IgA 
inductive and effector sites for mucosal responses and 
possibly in systemic lymphoid tissues as well. Induction 
of effective mucosal CTL responses to virus would be 
advantageous to the host, since mucosal elimination of 
virus invasion should be considered as a first line of 
immune defence to prevent subsequent systemic infection. 

FUNCTIONS OF S-IgA ANTIBODIES 

IgA in external secretions occurs predominantly in 
dimeric and tetrameric forms (with four or eight 
antigen-binding sites, respectively) and thus displays 
greater avidity than monomeric Ig. Polymeric IgA has 
been shown to neutralize viruses more effectively than 
monomeric IgA^^ ~^, and its multivalence also enables 
Ig polymers to agglutinate bacteria better than corre- 
sponding monomers. In addition to viruses, S-IgA 
antibodies also neutralize other biologically active 
antigens such as bacterial toxins and enzymes^"^. IgA 
functions in an environment rich in proteolytic enzymes^^. 
Its intrinsic resistance to proteolysis, further reinforced 
by association with secretory component ( SC ), preserves 
many biological functions of intact Ig molecules, and 
provides functional advantages to IgA when compared 
with antibodies of other isotypes that may also be found 
on mucosal surfaces 

Virus neutralization by IgA 

Virus-neutralizing antibodies at mucosal surfaces 
are important in preventing local infection and disease** ^ 
Although neutralizing antibodies of IgA. IgG. and IgM 
isotypes to several pathogenic viruses have been de- 
scribed, little is actually known regarding the precise 
mechanism(s) involved in viral inactivation, which has 
come to be known as neutralization^'^. The binding of a 
single antibody molecule to a viral particle ('single-hit') 
may result in inactivation"'^. S-IgA antibodies are 
particularly effective in virus neutralization, perhaps due 
in part to the presence of four (or eight ) antigen binding 
sites. Furthermore, S-IgA antibodies play an important 
role in antiviral immunity, because they are present at 
the sites of initial contact of virions with host cells. The 
view that has emerged is that S-IgA in the mucus layer 
can prevent virus attachment to epithelial cells and thus 
block their subsequent penetration; however, this view 
may be too simplistic^^. Viruses possess specific struc- 
tural protein subunits of importance in attachment and 
infection. For example, the influenza virus surface 
contains subunits of two different proteins, haemag- 
glutinin (HA) and neuraminidase (NA), but only 
HA is involved in cell attachments^ and corresponding 
antibodies effectively prevent virus infection. 

There are some 700-1200 HA spikes on the influenza 
virion and approximately 50 molecules of monoclonal 
IgG antibody to the virus can neutralize 50% of the 



iniectiousuose *. unuer inc^c cunuuiuni, a ntgiiiiumocr 
of HA spikes remain unbound, and the type A influenza 
virus has been shown to attach and to enter various host 
cells even after neutralization'^"-^^ Both neutralized and 
untreated influenza virions enter the cell through the 
plasma membrane and reach the nucleus"^"^. but virus- 
specific mRNA is not transcribed from neutralized 
virions**^. The mechanism for this may involve a 
conformational change in HA following antibody binding, 
which results in transmission of a signal to the 
transcriptase complex inside the virus envelope mem- 
brane^ ^ The epithelial cells infected by virus in the upper 
respiratory tract are involved with IgA transport, and 
are therefore prone to antigen-antibody interaction that 
prevents viral nucleotide transcription. 

It is often said that the unique characteristics of S-IgA, 
including its polymeric nature, avidity for mucus, and 
resistance to proteolytic enzymes, all contribute to the 
apparent efficiency of this antibody isotype in virus 
neutralization. The importance of the molecular form of 
IgA in virus neutralization has been emphasized in studies 
with influenza A^^. Rat S-IgA (collected from bile) was 
dissociated into IgA monomers, without the loss of 
specificity or titre, for direct comparison with intact S-IgA 
(and serum IgG) for neutralization eflficiency. S-IgA 
anti-HA antibodies prevented virus attachment, while 
monomeric IgA and IgG allowed attachment, penetration 
and viral genome accumulation in the cell nucleus®"^. 
These results suggest that S-IgA may sterically block HA 
on influenza A virus and prevent its entry into the cell. 

Antibacterial functions 

Mucosal antibodies have been shown to inhibit 
microbial adherence and prevent absorption of antigens 
from mucosal surfaces. The direct inhibitory effect of 
S-IgA on the adherence of micro-organisms to host 
mucosal epithelial cells has been documented in many 
experimental systems^^ **"^. Both non-specific hydrophobic 
interactions as well as specific inhibition of binding 
between bacterial surface adhesins and complementary 
surface receptors on host epithelial cells are involved in 
this process. In this respect, IgA and especially S-IgA are 
more effective than IgG antibodies of the same specificity 
owing to their unique charge, extensive glycosylation, 
and their resistance to proteolysis^^. IgA can inhibit 
adherence of members of the Enterohacteriaceae family 
to epithelial cells by mechanisms that are independent of 
specific antibody activity. Terminal mannose-containing 
oligosaccharide side chains on the heavy chain, present 
especially on the IgA, molecules, are recognized by 
mannose-specific lectins present on type I fimbriae. Thus, 
these carbohydrate-specific interactions represent an 
important protective anti-adherence function of S-IgA 
against a broad spectrum of bacteria, regardless of the 
specificity of the IgA molecule. The effectiveness of 
S-IgA in vivo is further amplified by a number of other 
factors such as the interactions with innate immune 
components, glycoproteins, the continuous desquaqiation 
of epithelial cells with attached bacteria, and the intense 
competition with other colonizing bacteria, as demon- 
strated by immunization with Vibrio cholerae of mono- 
associated or conventional animals^^-^**-^^. Apparently, 
a bacterium selectively disadvantaged by the specific 
S-IgA is more effectively displaced by other bacteria in 
this competitive environment. 

Several studies have shown that IgA of serum as well 
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as secretory origin is able to potentiate the function of 
soi?ie of the innate anti-bacterial factors present in 
external secretions''^'®^. Thus, the antimicrobial effects 
of lactoferrin and the lactoperoxidase system against 
several mucosal pathogens can be further enhanced by 
secretory or serum IgA'^^-^®. 

IgA of various molecular properties can interact with 
a broad spectrum of morphologically and functionally 
diverse cells that display receptors for the various 
structural components in the Fc region of the molecule^ 
Although these interactions have important biological 
consequences (including selective transport into external 
secretions, IgA catabolism, and enhancement or suppres- 
sion oTthe immune resppnse), interactions with mucosal 
phagocytic cells and lymphocytes involved in the 
ADCC may be of special relevance. The antibacterial 
activity of monocytes and lymphocytes from mucosal as 
well as peripheral lymphoid organs can be enhanced by 
S-IgA in the ADCC assays^*^. The latter population of 
cells, subsequently characterized^as CD3^, CD4"^, and • 
Leu 8"^ subset of T-lymphocytes, can bind IgA through 
the Fc region, and such 'armed' cells can effectively kill 
bacteria of Salmonella and Shigella species^^. The 
increased numbers of T cells that participated in 
IgA-ADCC were seen in individuals orally immunized 
with Salmonella Ty21a vaccine^^. 



Immune exclusion 

Extensive studies have demonstrated that the previous 
enteric exposure to foreign soluble antigens diminishes 
the absorption of the same but not of unrelated antigens 
owing to the presence of specific S-IgA antibodies^^-^^ *^-. 
Through this immune exclusion mechanism, IgA linriits 
further absorption of undigested antigenic material and 
the formation of potentially harmful circulating immune 
complexes that contain predominantly IgG antibodies as 
seen in the IgA-deficient individuals^^. The inability of 
human secretory or serum IgA complexed to antigens to 
activate complement by either classical or alternative 
pathways may be of paramount importance in the 
maintenace of integrity of mucosal surfaces. Although an 
encounter of IgA antibody with the corresponding 
antigen in the mucosal surfaces blocks the absorption of 
such antigen, it does not result in complement activation 
followed by the- generation of cleavage products of the 
C3 and C5 components. These fragments would induce 
local inflammatory reactions, including the influx of 
polymorphonuclear leucocytes and release of substances 
that enhance the permeability of mucosal membranes 
due to tissue damage. 

The unfavourable biological consequences of antigen 
encounter with a corresponding antibody of inflammatory 
isotype have been well documented: although the 
absorption, from mucosal surfaces, of an antigen may 
also be inhibited by corresponding IgG antibody, such 
immune complexes formed in the mucosal tissues activate 
complement, and the resultant local damage leads to 
increased absorption of bystander antigens^'^-^^. More- 
over, IgA antibodies may also abrogate anaphylactic and 
Arthus type reactions mediated by inflammatory anti- 
bodies of IgE and IgG isotypes^^*^^. Thus, it seems that 
the major biological role of IgA antibody at mucosal 
surfaces is the mitigation of the inflammatory side effects 
brought about by other immune effector mechanisms. 



MUCOSAL ANTIGEN DELIVERY SYSTEMS 

Both soluble and particulate antigens have been used 
extensively for the induction of secretory immune 
responses in several animal models and in humansV 
Although some protein or glycoprotein antigens such as 
cholera toxin^^'^^^ ricin, HA of influenza virus'^'"^^^ 
and others ^^"^ can easily induce measurable antibodies in 
secretions and in serum of orally immunized subjects, it 
is generally accepted that much higher and more 
frequently administered oral doses of antigens are 
necessary than with systemic immunization. The response 
to orally administered antigen is low because few 
undigested and fully immunogenic antigens reach the 
immune system of the intestine, most having been either 
degraded by enzymes or only partially absorbed because 
of their high molecular weight Particulate antigens, 
most notably micro-organisms such as viruses and 
bacteria that multiply within the lumen of the intestine 
or multiply even better in the GALT, provide a more 
effective stimulus for the induction of a local as well as a 
generalized secretory and systemic immune response' 

To preserve the immunogenic material from acid pH 
and proteolysis, orally administered antigens have been 
given with large amounts of sodium bicarbonatc'^'^^^. 
Another more effective approach involved packaging of 
bacterial or viral antigens in gelatin capsules that were 
then coated with substances soluble only at the alkaHne 
pH of the small intestine'^' '°-. Other studies, limited in 
number and briefly summarized here, have considered 
the use of substances that may function as oral adjuvants 
and thus enhance, by various mechanisms, both secretory 
and systemic immunity. 



Cholera toxin and CT-B subunit conjugates 

Cholera toxin (CT) produced by Vibrio c holerae binds 
to various nucleated cells, including intestinal epithelium, 
• through a specific receptor GM 1 ganglioside^^'^^ **^^-'^^. 
Because of the high affinity of CT for GM I -expressing 
cells, oral immunization induces a highly specific and 
vigorous immune response manifested' by S-IgA and 
serum IgG antibodies with extended immunological 
memory^*^^ (Figure I). 

Structure. Cholera toxin has been extensively charac- 
terized as a result of its importance in the virulence of 
Vibrio cholerae^ . It is composed of an A. and B subunit. 
The toxinogenic A subunit (28kDa) is involved in the 
ADP-ribosylation of the adenylate cyclase regulatory 
protein Gs. This modification increases cAM P levels, and 
causes intestinal secretion, resulting in the diarrhoea and 
fluid loss observed in patients with cholera. The A subunit 
(CT-A) is post-translationally cleaved into the A I and 
A2 peptides, and it is the Al peptide that is toxinogenic. 
It is hypothesized that the A2 peptide mediates the 
association of the A I peptide with the binding subunits. 
The B subunit of cholera toxin (CT-B) is composed 
of five identical non-covalently associated subunits 
(1 1.6 kDa) which serve as the carrier for the A subunit. 
The CT-B pentamer binds to the monosialoganglioside 
GMP'^, which is present on all nucleated cells and is 
found in abundance on the surface of intestinal epithelial 
cells. Such membrane binding induces a conformational 
change that allows the A subunit to penetrate into the 
celP^^ 
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Cholera toxin as an immunogen. The immune response 
to CT has been exhaustively studied, due to the ability 
of neutralizing antibodies to reduce the severity of the 
disease. During these studies, it became clear that CT 
was one of the most potent oral immunogens ever 
identified^ inducing strong antibody responses when 
administered into the GI tract in microgram amounts. 
The antibody response consists not only of a specific 
S-IgA response but also a plasma IgG response, both 
of which appear to originate in the GALT^'. Thus the 
immunity extends not only to the mucosal surface but 
also to the systemic compartment. The feeding of most 
other protein antigens, even in milligram doses, not only 
fails to induce mucosal responses but also induces a 
state of unresponsiveness which is evident when one 
subsequently immunizes parenterally (oral tolerance). 
This is the reverse of what is desired for oral vaccines 
and is a potential pitfall for their development. CT and 
CT-B are among the few proteins that do not induce oral 
tolerance^ again a very desirable property. The genetic 
background of the host is important, in that both the 
secretory IgA and plasma IgG responses to CT are 
restricted by the I-A subregion of the H-2 major 
histocompatibility locus^ The antibody response 

appears to regionalize, i.e. the plasma cell response is 
most abundant at mucosal sites that were directly 
exposed to CT^^^ Exploitation of this feature by 
combined local mucosal-oral immunizations may allow 
the major IgA response to occur in selected non-intestinal 
sites. Lastly, oral immunization with CT results in 
prolonged memory responses in the intestinal lamina 
propria, and presumably at other mucosal sites' These 
properties have made CT a model antigen for probing 
the mucosal immune system, but they also represent the 
properties one would desire in an ideal oral vaccine. 
Because some of the strategies of using CT as an oral 
adjuvant involve its physical coupling to another antigen, 
the resulting neoantigen should retain some of the 
desirable properties of CT itself. 

Cholera toxin as an adjuvant. To determine whether 
CT feeding resulted in oral tolerance, Elson and 
Ealding^*^ demonstrated the ability of CT to abrogate 
oral tolerance to keyhole limpet haemocyanin (KLH) 
when mice were fed both proteins together. Such 
feeding of CT with KLH not only abrogated tolerance, 
but also induced an intestinal S-IgA response to KLH 
which did not occur when KLH was fed alone. This 
suggested that feeding CT together with antigens that 
are normally poor oral immunogens may elicit mucosal 
immune responses to such antigens. The ability of CT 
to act as an oral adjuvant has since been confirmed by 
a number of other investigators with a variety of 
antigens^^^'^^^-^^^ 

CT does not fit the classical definition of an adjuvant, 
because it stimulates an immune response to itself and 
because the adjuvanticity of CT may be related to and 
dependent upon its immunogenicity : the response of mice 
to KLH given together with CT orally was significantly 
higher in mouse strains that are high responders to CT 
than in H-2 congenic strains that were low responders 
to CT^ However, because CT can enhance the immune 
response to other antigens, it shares one of the most 
important properties of an adjuvant. CT possesses the 
necessary B- and T-cell epitopes required to elicit 
systemic immunity and, as such, it has been used 



effectively as a carrier for several parenterally administered 
experimental vaccines^'^"^'^. It may be that, given 
orally, CT provides the necessary signals that alter the 
regulatory environment of the GALT from one of 
suppression to responsiveness. The precise mechanism of 
action is not known. 

The ability of CT to stimulate immunity to unrelated 
antigens depends upon several factors. In order to induce 
immunity to the target antigen, CT has to be administered 
simultaneously with the antigen^-**^. In addition, both the 
antigen and CT must be administered by the same 
route, i.e. orally. Giving each protein by a different route 
is not effective. This suggests that CT alters the mucosal 
lymphoid tissue in a manner that favours responsiveness 
to the antigens presented to it. The genetic responsiveness 
of the host for the antigen and for CT is important in 
that the adjuvant effect of CT appears to be genetically 
restricted as mentioned above. The dose of CT 
required for the adjuvant effect is not clearly defined, and 
may vary depending on the antigen involved. Although 
very small amounts of CT sufficed to potentiate the 
immune response to CT-B, much larger amounts have 
been used for the adjuvant effect for viruses. The length 
of the memory response to the antigen induced by CT 
is not known. Currently, no one has studied the long-term 
immunological responses of any CT-enhanced antigens, 
although CT does induce long-term immunological 
memory to itself^ The adjuvant effect observed for CT 
will also probably depend on the type of antigen 
administered. CT has been used with success orally with 
proteins and viruses, and parenterally as a vaccine carrier 
for polysaccharides' Despite these successes, we have 
been unable to stimulate S-IgA responses to ovalbumin 
when it is given orally with CT (Elson, unpublished 
observation). Therefore the adjuvanticity of CT may not 
apply to all antigens. The suitability of a given 
antigen for this vaccination method will probably have 
to be empirically determined. 

Although CT enhances the secretory and systemic 
antibody responses elicited to antigens given orally 
{ Fiijure 1 ), it is not known whether similar effects would 
occur in humans. However, from a practical standpoint, 
the use of holotoxin is not feasible due to its toxicity. 
One approach being explored to resolve this problem is 
to use the non-toxic B subunit instead. Apart from being 
non-toxic, CT-B stimulates good immunity to itself when 
given orally, which has raised hopes for its use as a 
vaccine adjuvant instead of the holotoxin. McKenzie and 
Halsey^ were the first to report the use of CT-B in such 
a role. In their experiment, CT-B was chemically coupled 
to horseradish peroxidase (HRP). The results showed 
that HRP conjugated^o CT-B elicited higher antibody 
levels in the gut and serum than those obtained by feeding 
HRP alone or as an unconjugated mixture of HRP and 
CT-B. Since then, the use of CT-B as a vaccine adjuvant 
has been examined by others with variable success. Lycke 
and Holmgren were unable to stimulate immunity to 
KLH when mixed with CT-B unless they added very 
small doses (<50ng) of holotoxin. However, they did 
not use a conjugated form of KLH and CT-B. The use 
of CT-B conjugates has been reported to be effective in 
some cases^'^ '*^ but not in others^^^*^^^ The poor 
responses that have been observed with CT-B conjugates 
in some cases may be due to the coupling procedure. The 
degree of cross linking and coupling procedure used can 
significantly affect the immunogenicity of protein con- 
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jugates^^". Further experimentation is necessary in order 
to determine whether CT-B can replace the holotoxin as 
an adjuvant. 

The use of CT as a mucosal adjuvant is a promising 
new approach to oral vaccination. However, much 
remains to be learned about the mechanism of both the 
immunogenicity and adjuvanticity of CT, including the 
relative contributions of the two subunits. The dose, 
timing and genetic background of the host are all 
important variables. There are indications that the 
mechanism of the adjuvanticity of CT involves multiple 
aspects of immune induction in the mucosa, including 
increased uptake of antigen into mucosal follicles; 
enhancement of lL-1 production by A PCs; altered 
regulation by T cells, especially inhibition of CD8^ 
suppressor cells; stimulation of B-cell switching to IgA 
and IgG; and possibly enhancement of B-cell clonal 
expansion. Different components of these multiple effects 
may be of more importance for some antigens than 
others. 

Biodegradable microspheres 

•Recently, various antigens have been incorporated 
without chemical modification into biodegradable micro-. 
^ spheres^ to be used in oral and systemic immuniz-| 
\ ation. Microencapsulation involves the coating of a 
bioactive agent, such as a vaccine, in a protective wall 
material which is polymeric in nature. The microsphere 
product is a free-flowing powder of spherical particles 
which can be produced in a size range from ^ 1 f.im to 
as large as 3 mm in diameter. The particular system of 
interest for studies with vaccines involves the use 
of poly(DL-lactide-co-glycolide) (DL-PLG) copoly- 
mers^^^"^"*^. These biocompatible polyesters are currently 
used in resorbable sutures and biodegrade in vivo into 
lactic and glycolic acids through the hydrolysis of ester 
linkages. The rate of degradation, and thus antigen 
release, is determined by the ratio of lactide to 
glycolide present in the copolymer and may be from a 
few days to 2 years 

Vaccine antigens (e.g. staphylococcal enterotoxin B) 
injected in the form of 1-10 //m microspheres composed 
of equal mole parts of polymerized lactide and glycolide 
(50: 50 DL-PLG) stimulate up to 500-fold higher plasma 
antibody responses that that induced by the free 
antigen When administered orally, the micro- 
spheres protect the encapsulated antigen from acid and 
proteolytic digestion in the gastrointestinal tract, and those 
of ^ 10 /zm are readily taken up by the M cells of the PP 
and transported into theT- and B-cell zones'^^-^^^"^^^ '^-. 
Those microspheres <5/^m are ingested by MAC-1 
positive cells and transported to systemic lymphoid 
tissues such as the spleen where the released antigen 
stimulates a serum antibody response. In contrast, the 
microspheres >5 /^m remain in the PP, and provide a 
sustained release of antigen in this IgA inductive tissue. 
Our studies have shown that microspheres provide 
several advantages which make them an attractive 
vaccine delivery system^^^'*-*^"^"*- (Figure J). This 
immunization method concurrently induces systemic and 
secretory antibody production and thus provides an 
adjuvant system composed of pharmaceuticaliy approved 
components with which to determine what role both 
circulating and mucosal antibodies play in protection 
against a vaiiiety of infectious agents. In addition, it is 
important to investifite the efficacy with which this 



immunization method induces CM I responses by splenic 
and intraepithelial CD8"^ lymphocytes against syngeneic 
target cells expressing vaccine antigen. 

In addition to the increased immunogenicity due to 
the adjuvant effect of antigen delivery in microspheres, 
plus slow or fast antigen release, there are many other 
potential advantages to this method of immunization. 
Because the microspheres do not dissolve immediately 
upon ingestion, incorporated antigens remain protected 
from digestion by proteolytic enzymes. In contrast with 
the killed or live bacteria, whose adherence or uptake by 
PP can be inhibited by pre-existing antibodies, the 
absence of antigens on the surface of microspheres may 
confer an important advantage in this respect. Appropriate 
mixtures of fast- and slow-releasing microspheres may 
also induce the primary and multiple booster immune 
responses with only a single immunization. In the absence 
of potent adjuvants suitable for use in human medicine, 
antigens incorporated in biodegradable, non-inflam- 
matory microspheres can significantly improve the 
immunogenicity of a number of currently available, 
injectable vaccines. This new technology is likely to 
substantially influence the design of vaccines for both 
oral and systemic immunizations'^**. 

Selective delivery of antigens by recombinant bacteria 

The ability of Salmonella typhi or S. lyphimurium to 
invade, persist and proliferate in the human or murine 
GALT, liver and spleen has been known for many 
years These findings prompted several investigators 
to use attenuated, genetically modified strains of Sal- 
monella as vectors for the selective delivery to the GALT 
of other antigens produced by such strains as a result of 
the introduction of coding genes (fuyi/zT / ). For example, 
recombinant avirulent 5. typhimurium that expressed 
surface protein A or glucosyltransferase of S. mutans was 
used to induce both secretory and systemic immune 
responses as well as protective immunity to dental caries 
in rats '*^'^* Other mutants of Salmonella have been 
used for the expression of foreign antigens such as Shigella 
sonnet O-antigen' fimbriae, /^galactosidase or heat- 
labile enterotoxin B subunit of Escherichia coli, M protein 
of Streptococcus equi^'^'^ or M protein of Streptococcus 
pyogenes^ '^^'^ or membrane proteins of Francisella tula- 
rensis^'^'^ . Concomitant appearance of secretory and 
serum IgA, IgM and IgG antibodies ensued as a 
consequence of colonization of the gastrointestinal tract 
with orally administered recombinant Salmonella. 

Much effort has been devoted to rendering Salmonella 
strains avirulent while preserving their colonizing ability, 
so that they can induce a protective immune response 
when later challenged with fully virulent strains. Although 
mutants devoid of virulence-coding plasmids have 
fulfilled some of these criteria when given by the oral 
route, high doses of bacteria given orally or injected 
intraperitoneally may lead to the death of infected 
animals. Thus, the elimination of a virulence plasmid 
would be insufficient for the development of a safe 
vaccine. 

In an alternative approach, several investigators 
generated auxotrophic mutants, which rendered 5a/- 
monellaav'wulcni without preventing immunogenicity 
Such mutants were unable to synthesize p-aminobenzoic 
acid, purines, aromatic amino acids, threonine, meth- 
ionine, diaminopimelic and dihydroxylbenzoic acids, or 
any combination thereof, and so became totally or 
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pamally avirulent, and could not survive outside the host 
but retamed their immunogenicity. Other mutants were 
ahered m their ability to utilize and synthesize carbo- 
hydrates and certam amino acids, or prohferate at 
temperatures above 37^C. Particularly promising as 
suitable vectors are novel Salmonella mutants that^are 
genotypically stable, completely avirulent, hishly immuno- 
genic and are capable of expressing virulence antieens 
from other pathogens and of displaying gene defects That 
are not remediable by diet or by the host (A cva A crp 
A asd Salmonella strains ) '■^•^ '^^ Thus, new vaccines will 
soon be designed and constructed that will give a 
long-lasting immunity to the pathogen supplvine the 
genetic information for virulence antieens "and to 
Salmonella, However, induction of the mucosal immune 
response to Salmonella may restrict its repeated use for 
boosting or as a common vector for multiple oral 
immunizations. Several constructs of salmonella that 
express virus antigens have been produced and tested in 
experimental models. For example salmonella expressing 
antigens of hepatitis B. dengue, herpes simplex or 
rotaviruses have been developed^-^^-^^'. Other bacteria 
and viruses also have been used or are being considered 
as suitable live vectors for delivery of antigens^o stimulate 
the mucosal and systemic immune response. For 
example, oral vaccines based on recombinant strains of 
Eschencfua coli\ Yersinia enterocolitica. lactobacilli or 
becterium Calmette-Guerin (BCG) have been tested in 
ammals - ' • Viruses that infect the gastrointestinal 
tract, such as polio or adenovirus, are also considered 
as potential vectors that may express antieens of other 
viruses. 
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Blotinylated fluorescent mIcfoq>lieres have been developed as a reagent for studying antigens and leeepton 
expressed at the ceU surface. lining of antigen or receptor inn 

microspheres through strqitavidfai to correspmdlng Uotinyl&ted antibodies or ligands. Detectkm of labeled 
cells by flow microfluorfanetiy provided an extremely senslthrc means for the ana|ysb and potential 
manipulation of heterogeneous ceD populations. The data ImBcate that ceDs bearing fewer thni 200 surface 
^antigen-antibody complexes per eeU are readily detectable 1^ thb approach. Oossllcked to a selected 
blotinylated peptide fanmunogen, blotiiiyhted fhiorescent micro sp heres also allowed the bbelfa« and 
detection of hybridoma cells bearing antlgen-spedflc surface famnunoglobulfak 



Introduction 

The use of fluorescent immunoreagents in com* 
bination with flow microfluorimetry to identify, 
quantify and isolate cells according to their surface 
antigens and receptors permits the monitoring and 
manipulation of heterogeneous cell populations at 
the single-cell level. Hence, flow microfluorimetry 
[1,2] has been extremely useful in studies of cell 
differentiation [3,4], plasma membrane receptors 
[5-7], and genes coding for antigens expressed at 
the cell surface, including their chromosomal map- 
ping and cloning by expression (8-10]. Due to the 
limited fluorescence of conventional soluble im* 
munoreagents, however, cells bearing veiy low 
densities of antigen or receptor of interest typically 



* To whom cor re sp ondence should be addressed at: Children's 
Hospital, 300 Longwood Avenue. Boston, MA 02115, VSJL 
Abbreviations: SPDP, ^•suocinimidyl-Hpyridy1dithioVpf»> 
ptonate; NHS-biotin, N-hydroiysuodnimidoblotin. 



escape detection. While it has been estimated by 
extrapolation that flow microfhiorimeters possess- 
ing newly developed optics and lasers of high 
power are cqmble of detecting odls bearing as few 
as ISOO fluorescein molecules [11], signiflcantly 
greater intensities of cell-associated fluorescence 
are required for conventional ntiaofluorinietry. 
Previous studies have demonstrated that the detec- 
tion of rare cells within heterogeneous pop ilattons 
may be facilitated by attaching appropriate im* 
munoreagents to highly fluorescent Uitex micro- 
spheres (12,13). In order to detect rare cells which, 
in addition, bear antigens or receptors at exceed- 
ingly low densities we now have developed bio* 
tinylated fluorescent micros p he r es as a means for 
selectively labeling cell surfaces. We have found 
that biotinylated micros p here s used in combina- 
tion with streptavidin and biotinylated antibodies 
permit the labeling of celts bearing fewer thm 200 
antigen-bound IgO molecules, thus extending the 
sensitivity of flow microfluorimetric detection of 
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low-density celUsurface antigens by one to two 
orders of magnitude. 

Matcfiab and Methods 

Aibwnin<onjugated erythrocytes. Bovine scrum 
albumin was attached to surface sulfhydryl groups 
of sheep erythrocytes using iV-succinimidyI-3* 
(pyridyldilhio)propionatc (SPDP) [14]. Albumin 
(10 mg/ml in 0.1 M NaCI/0.07 M Na2HP04- 
7H2O/O.O3 M NaH2P04- H2O (pH 7.5)) was in- 
cubated with SPDP (6.S mg/ml) for 30 min at 
23^C and the thiolated product was isolated by 
dialysis at A^C against phosphate-buffered saline 
(2J mM Ka/0.9 mM Caaj/O-S mM MgOj- 
6H2O/137 mM Naa/M mM KH2P04/8.1 mM 
Na2HP04 (pH 7.4)). Erythrocytes (1.25 ml of a 
2% suspension) were incubated with dithiothreitol 
at 35 mM in phosphate-buffered saline for 1 h at 
23^C. 200 /it washed, packed cells were then sus* 
pended in 0.2 ml phosphate-buffered saline and 
incubated overnight with 0.2 ml thiolated al- 
bumin. The resulting albumin*conjugated 
erythrocytes were stored for no longer than 1 week 
in phosphate-buffered saline at 4*C and were 
washed prior to use. 

Biotmylattd anthalbumin IgG. Antibodies to 
bovine scrum albumin were purified from sera of 
rabbits previously immunized with albumin in the 
form of haptenic carrier 115]. Purification of anti- 
bodies was accomplished by (NH4)2S04 precipi- 
tation (50% saturated solution), DEAE-cellulose 
chromatography (161, and affinity chromatogra- 
phy on immobilized bovine scrum albumin (Affi- 
GcMO, Bio-Rad) using 4 M guanidine-HQ/SO 
mM Tris-HQ (pH 7.0) as elution buffer. Biotin 
was Govalently attached to anti-albumin IgG using 
iV-hydroxysuccinimidobiotin (NHS-biotin) [17] 
with IgO and NHS-biotin at final concentrations 
of 1.6- 10'* M and 8.3 • 10"* M» respectively. As 
determined using an enzyme-linked assay (18] bio- 
tinylated anti-albunun IgO retained essentially all 
of its antigen binding activity, and was precipi- 
tated specifically (82%) by avidin (19]. 

^teasurements of biotinylaied anti'Olbumin tgG* 
albumin complexes or erythrocytes using '^^Nabeted 
protein A. Albumin-conjugated erythrocytes were 
incubHted at 5* 10^ cells/ ml with specified dilu- 
tions of biotinylated anti-albumin IgO in phos- 



phate-buffered saline/1% normal rabbit serum, 
for 12 h at 4*^C. Following three washes in 10 ml 
phosphate-buffered saline/0.5% gelatin, 5*10^ 
erythrocytes were incubated for 1 h at 23*'C in a 
total volume of 0.5 ml phosphate-buffered saline 
with *"l-labeled protein A (1.19 /iCi/Mg) (New 
England Nuclear) at increasing concentrations. 
The number of molecules of '^Mabeled protein A 
specifically bound per cell was determined and 
served as an estimate of the cell-surface density of 
anti-albumin IgO-albumin complexes. 

Synthesis of biotinylated fluorescent micro* 
spheres. Biotinylated fluorescent microspheres were 
prepared by reacting 0.15 ml of washed, sonicated 
amino-microspheres (Covalent Technologies, green 
FX spheres, 1 urn diamv*ter) in 0.75 ml of 0.1 M 
Naa/0.07 M Na2HPO4-7H2O/0.03 M NaHj 
PO4- H2O (pH 7.5), with NHS-biotin (0.3 mg in 
0.75 ml 25% dimethylformamide in water) for 1 h 
at 23^C. Washed biotinylated microspheres were 
stored at 4*^C in 1 ml of phosphate-buffered 
saline/ 10 mM NaN^, and were sonicated prior to 
use. 

Biotinylated fluorescent microsphere labeling of 
albumin<onjugated erythrocytes. Biotinylated fluo- 
rescent microsphere labeling of albumin-con- 
jugated erythrocytes was accomplished by first 
incubating cells (5 • 10^ cells/ml) with specified 
dilutions of biotinylated anti-albumin IgO for 12 h 
at 4^C Cells then were washed three times in 10 
ml phosphate-buffered saline/1% normal rabbit 
serum, incubated at 5*10^ cells/ml with strep- 
Uvidin (5 fig/nd) for 2 h at 23^C and washed 
again. Approx« 5 • 10^ of these cells were admixed 
with 1 * 10* biotinylated fluorescent microspheres 
in 96-well tissue culture plates (Costar No. 3596) 
(total volume, OJ ml phosphate-buffered saline/ 
1% normal rabbit serum), sedimented at 250Xg 
for 10 min at 4^C and incubated at 4^C for an 
additional 30 min. Microspheres and cells were 
transferred with 0.3 ml phosphate-buffered saline/ 
1% normal rabbit serum to 15 ml conical tub^ 
underlayed with 1.5 ml of Percoll at 41% in phos- 
phate-buffered saline, and centrifuged at 350 Xg 
for 10 min at 4^C Microspheres at the Percoll 
interface were i emoved. Pelleted cells were resus- 
pended in 0.5 ml phosphate buffered saline/1% 
normal rabbit serum* and were analyzed by flow 
microfluorimetry (Ortho Cytofluorograph 50 
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ISO Gomptuer; S.13 fluorescence gain, linear scale; 
20000 cells per analysis). Forward-angle light- 
scatter was adjusted to allow for discrimination 
between labeled erythrocytes and unbound micro- 
spheres on the basis of size (2.0 gain« linear scale). 

Biotiny tared /luonfscent microsphere labeling of 
Y5BJ2 hybridoma cells. Labeling of YSB12 cells at 
surface immunoglobulin was accomplished using 
preassembled biotinylated microsphere-streptavi- 
din-biotinylated peptide immunogen complexes. 
Biotinylated fluorescent microspheres (0.2S ml) 
were incubated for 1 h at 37^C with streptavidin 
(0.01 ml« 1 mg/ml in phosphate-buffered saline/ 
1% bovine serum albumin), washed, resuspended, 
and sonicated in phosphate-buffered saIine/1% 
bovine serum albumin. Biotinylated peptide then 
was added (O.OS ml, 0.5 mg/ml) and was in- 
cubated with microspheres for 1 h at iVC. The 
resulting peptide-coated microspheres were washed 



and sonicated prior to use. Biotinylated peptide 
was prepared by incubating peptide (0.2S ml 1 
mg/ml) with NHS-biotin (0.2S ml, 1 mg/ml) for 
2 h at 30^C in 0.1 M sodium carbonate-bi- 
carbonate/12J5K dimethylformamide (pH 10.0) 
and isolating the biotinylated product by chro> 
matography on Sephadex O-IS. Flow microfluo> 
rimetry and the incubation of cells with micro- 
spheres were performed as described above. 

Results and Dbcusshm 

In testing biotinylated fluorescent microspheres 
and in assessing their sensitivity, we selected a 
model system in which bovine senim albumin 
oovalently bound to sheep erythrocytes using 
SPDP [14] served as a targeted surface antigen. 
Labeling of surface antigen with microspheres was 
accomplished in two steps. First, albumtn^on* 
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Fig. 1. Labeling of albumin-oonjugaied erythrocytes with anti«a!bumiii fgO and t»btinyUted nooreieent miennphetts. Fofkmif<i 
sequential incubations with biotinylated anti-BSA IgO (1 :50 dilution), streptavidin and biotinylated micr o ip hcr o . greater than 90% 
of albumin<onjugated erythrocytes were fluoresoently labeled u measured by flow microfluorimetry (panels A and B). As ttsesMd 
the co-incubation of celts with biotinylated fluorescent microspheres and excess (4 >-biotiii (Oi)5 mg/ml) (paneb C aM D), 
nonspecific binding of microspheres to cells was less than \% cK total. 
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jugatcd erythrocytes were incubated with 
afrinity*puriried biotinylated antibodies to al- 
bumin, Biotinylatcd fluorescent microspheres then 
were crosslinked through streptavidin to biotiny- 
lated antibody-albumin complexes at the cell 
surface. In initial experiments using antibody at a 
dilution of 1 : 50 (2.5 • M IgG), greater than 
90% of these cells were labeled, with 10% bearing 
greater than five microspheres per cell (Fig. 1, 
panels A and B). As assessed by the co-incubation 
of cells either with biotinylated microspheres and 
( + )-biotin (0.1 mg/ml) (Fig. 1, panels C and D) 
or with biotinylated anti-albumin IgG and bovine 
serum albumin (0.1 mg/ml) (not shown), non- 
specific binding of biotinylated fluorescent micro- 
spheres to cells was less than 1% of total. 

By the following means, use of the albumin- 
conjugated erythrocyte model antigen system pro- 
vided an estimate of the lower limit of the density 
of cell-surface antigen detecuble by biotinylated 
fluorescent microsphere labeling. Erythrocytes 
bearing albumin were first incubated with speci- 
fied decreasing concentrations of biotinylated 
anti-albumin IgG. The average number of anti- 
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Fig. 2. Bifiding of *^l*!aMcd protein A to IgO-atbumin com- 
pletes on erythrocytes. Eiythrocytes bearing alhumin were 
tncuhated with biotinylated anti-albumin IgO at a dilution of 
1 :10a washed, and incubated with increasing concentrations 
of '^Mabeted protein A. The mean number of molecules of 
'"l-taVekd protein A specifically bound per eiythrocytc (ap- 
prove 200) served as a direct estimate of the mean density of 
tgC .»!bumin complexes formed using this dilution of antibody. 
A\ dll concentrations, nonspecinc binding of '"l-labeled pro- 
tein A was less than $% of total as determined following the 
cc^incubatiM of erythrocytes with antibody and excess tKmne 
serum stKtmin (0.1 mg/ml). 
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Fig. 3. Biotinylated fluorescent miciosphere tabeling of 
erythrocytes t)earing low densities of biotinylated anU-albumin 
IgO*albumin complexes. Dilutions of biotinylated anti«a]- 
bumin fgO used in albumin-conjugated erythrocyte labeling 
were panel A, 1:100: B. 1:500; D, 1:100; E. 1:100. The 
molar concentrations of antibody co r r esp o n ding to tfwse dilu- 
tions are 1:100, l^-IO'* M: 1:500« 23*10-* M; 1:1500, 
8J-10~"' M. Controb for nonspecific binding were panel D, 
celb incubated with trioUnylated anti«albunun IgO in the pres* 
enoe of excess albumin (0.1 mg/ml); panel E» cells incubated 
with biotinylated fiuorescent mic r o s phe r es in the presence of 
excess < 4 >-biotin (0.05 mg/ml). 
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body-albumin complexes formed per cell then was 
measured directly using ^^I-labeled protein A of 
known specific radioactivity and Fc-region bind* 
ing activity (Fig. 2). Assuming monovalency of 
IgG for protein A, incubation with antibody at a 
dilution of 1 : 100 yielded cells bearing approx. 
200 IgG-albumin complexes. Densities of IgG-al- 
bumin complexes resulting from the incubation of 
cells with antibody at dilutions of 1 : SOO or 1 : 1500 
were too low for detection by the ^^I-labeled 
protein A binding assay* Therefore, these densities 
were estimated both by extrapolation, and by a 
more conservative bimodal model (see below). 
When labeled using streptavidin and biotinylated 
fluorescent microspheres, those populations of al* 
bumin-conjugated erythrocytes incubated with 
biotinylated albumin antibodies at dilutions of 
1 : 100, 1 : SOO, and 1 : ISOO were shown by flow 
microfluorimetry to contain labeled cells at fre- 
quencies of 51.7%, 23.2% and 7%, respectively 
(Fig. 3, panels A-C). Binding of antibody and of 
biotinylated microspheres to cells was specific: the 
co-incubation of excess albumin with antibody 
and cells (Fig. 3, panel D), or of excess ( -l-)-biotin 
with microspheres and cells (Fig. 3E), reduced 
celt-associated fluorescence to background levels. 

From these data, two estimates of the density of 
surface antigens detectable with biotinylated fluo- 
rescent microspheres can be made according to 
two alternative assumptions. These estimates are 
necessary, since the direct measurement of IgG-al- 
bumin complexes using '^l-Iabeled protein A was 
not feasible at densities below 200 IgG molecules 
per cell. In the first instance, it is assumed that the 
mean density of IgG-albumin complexes occurring 
on erythrocytes decreases proportionally with the 
dilution of antibody employed. Incubation of cells 
with biotinylated anti-albumin IgG at a dilution of 
1 : 100 resulted in approximately 200 IgG-albumin 
complexes per cell (Fig. 2). Accordingly, incuba* 
tions with antibody at dilutions of 1:500 and 
1 : 1500 are predicted to yield cells possessing mean 
densities of 40 and 13 IgG-albumin complexes per 
cell, respectively. Flow microfluorimetry using bio- 
tinylat^ fluorescent microspheres detected some 
of the cells incubated with antibody at each of 
these dilutions (Fig. 3). However, it is possible that 
in each cell population, those cells labeled with 
microspheres possessed above-average densities of 



immune complexes. A second estimate of the 
sensitivity of biotinylated fluorescent microspheres 
which accounts for this possibility can be made 
through an alternative assumption. As stated, the 
mean density of IgG-albumin complexes on cells 
incubated with antibody at a dilution of 1 : 100 
was measured directly at 200 per cell. Approx. 
51% of these cells were labeled by biotinylated 
microspheres. By the most conservative interpreta* 
tion in which only fluorescent cells are assumed to 
bear biotinylated anti-albumin IgG-albumin com- 
plexes and nonfluorescent cells are assumed to 
bear no biotinylated anti-albumin IgG-albumin 
complexes, the maximal mean density of IgG-al- 
bumin complexes for the fluorescent subpopula- 
tion is calculated at 200/0.517, i.e., 387 per cell 
Therefore it is estimated that 100% of those cells 
bearing an average of 387 complexes per cell were 
detected. Lack of additional information concern- 
ing the distribution of the density of IgG-albumin 
complexes among cells precludes the assignment 
of a more precise limit for the sensitivity of bio- 
tinylated fluorescent microspheres in cell surface 
antigen detection. However, the above analyses of 
available data indicate that cells bearing approx. 
200 antigen molecules, and perhaps less, are 
detected by this technique. 

Several additional features of the biotinylated 
fluorescent microsphere assay for cell surface 
molecules merit discussion. The high sensitivity of 
these microspheres is attributable, in part, to their 
high capacity for the attachment of biotinylated 
reagents. Studies using '^I-Iabeled streptavidin 
and ('H]biotin (not shown) indicated that approx. 
10^ molecules of a selected biotinylated probe can 
be speciflcally crosslinked to each microsphere. 
This high probe density maximizes the probability 
of a sphere binding to a low-density cell surface 
molecule. The biotinylated probe may correspond 
to any of a variety of biotinylated reagents includ- 
ing primary or secondary antibodies, protein A , or 
receptor ligands. For example, inmiunogen cova- 
lently coupled to fluorescent microspheres previ- 
ously has been demonstrated to provide suf flcient 
sensitivity for the detection of hybridoma surface 
inununoglobulins not detectable using soluble flu- 
orescent immunogen and flow microfluorimetry 
[13]. Using biotinylated fluorescent microspheres 
in combination with biotinylated inununogen, we 
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Fig. 4. Labeling of surface immimoglobuUn of YSB12 hy- 
bridoma cells using bioUnylated peptide immunogen cross- 
linked (o bioUnylated fluorescent microspheres. Panel A: flow 
nucrofluorimetric analysb of YSB12 cells labeled with pre-as- 
sembled biotinylated peptide immunogen-streptavidin-btotin^ 
lated microspheres. Panel B: labeling of Y5B12 cells in the 
presence of excess underivitized peptide (0.01 mg/rol). Auto- 
fluoresccooe due to unlabeled cells was gated. 



have labeled surface immunoglobulin of the cell 
line YSB12 (Fig. 4). YSB12 cells are hybridomas 
derived from a fusion between P3X-63Ag86S3 
murine myeloma cells and splenocytes isolated 
from CB6F, mouse immunized with a synthetic 
peptide [IS] corresponding to the putative 26 amino 
acids of the amino-terminus of the mammalian 
glycoprotein hormone* erythropoietin. These cells 
have been shown to secrete IgG| antibodies to 
peptide (unpublished data). In the present analy- 
sis, ftucrescent mi'^'ospheres were preassembled as 
biotinylated microsphere-streptavidin-biotinylated 
peptide complexes prior to incubation with cells 
(see Materials and Methods). In flow microfluo- 



rimetry, 34% of YSB12 cells bound peptide-con- 
jugated microspheres* with 23% binding two or 
more microspheres per cell (Fig. 4A). Levels of 
nonspecific binding were low, with fewer than 5% 
of either irrelevant cells (e.g., P3X*63Ag86S3 cells, 
not shown) or YSB12 cells binding single micro* 
spheres in the presence of underivitized peptide 
(Fig. 4B). YSB12 cells labeled using biotinylated 
peptide and fluorescein-labeled streptavidin could 
not be detected by flow microfluorimetiy. 

In flow microfluorimetric analyses, the binding 
of each microsphere to cells increased the intensity 
of cell-associated fluorescence by discrete intervals 
(Figs. 1, 3 and 4). Consequently, labeling with 
biotinylated fluorescent microspheres should im- 
prove the resolution and isolation of subpopula- 
tions of cells possessing relatively small differences 
in antigen or receptor densities. When labeled with 
conventional soluble fluorescent reagents, such 
subpopulations typically display only minor dif- 
ferences within a continuous spectrum of fluores- 
cence intensities [8-10]. While avidin-conjugated 
fluorescent microspheres have been prepared pre- 
viously by a more complex method [20], neither 
the effects of inherent multiple chemical modifi- 
cations of avidin on its affinity and specificity for 
biotin binding nor the limits of sensitivity of these 
acetylated-avidin microspheres in detecting cell 
surface antigens have been assessed. In contrast, 
biotinylated fluorescent microspheres are synthe- 
sized through a single reaction between fluorescent 
aminomicrospheres and iV-hydroxysuccinimido- 
biotin, and are coupled directly to unmodified 
streptavidin. Given their flexible design and dem- 
onstrated sensitivity in detecting cell-surface mole- 
cules, biotinylated fluorescent microspheres and 
their derivatives should find wide application in 
research and clinical laboratories. The generalized 
approach towards attaching active biotinylated re- 
agents to polymeric microspheres also should be of 
value in the further development of microspheres 
used in cell separation [21| and in drug delivery 
systems [22]. 
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t 

The catalytic A subunit of cholera toxin (CT-A) is capable of ADP-ribosylating the guanine nucleotide- 
binding protein, which regulates cell adenylyl cyclase, leading to the iife-threatening diarrhea of cholera. 
Amino acids involved in the enzymatic activity of CT-A have previously been identified. By means o^ 
site-directed mutagenesis, an analog of the CT-A subunit gene was created with codon substitutions for both 
Arg-7 and Glu-112, each of which has been shown to produce subunits lacking ADP-ribosyltransferase activity. 
The mutated gene fragment was exchanged for the wild-type copy in the previously cloned ctxAB operon from 
El Tor biotype, Ogawa serotype Vibrio cholerae strain 3083, which produces CT-2. Further, the zonula occiudens 
toxin gene, zoty was inactivated by ah insertional mutation to create the new plasmid construct pCT-2*. 
Additionally, a DNA fragment encoding the B subunit of CT-1 (CT produced by classical biotype, Inaba 
serotype K cholerae strain 569B) was exchanged for the homologous part in pCT-2*, resulting in the creation 
of pCT-1*. These plasmid constructs were introduced into the CT-negative K cholerae mutant strain JBK70 (El 
Tor biotype, Inaba serotype); Cr-A"B'^ derivatives CVDIOI and CVD103 of classical biotype Ogawa and 
Inaba serotype strains 395 and 569B, respectively; El Tor biotype Inaba and Ogawa serotype strains C6706 and 
C7258, respectively, recently isolated in Peru; and 0139 (synonym Bengal) strain SG25-1 from the current 
epidemic in India. Recombinant toxins (CT-1* and CT-2*), partially purified from culture supematants of 
transformed JBK70, were shown to be inactive on mouse Yl adrenal tumor cells and in an in vitro 
ADP-ribosyltransferase assay. CT-1* and CT-2* reacted with polyclonal and monoclonal antibodies against 
both A and B subunits of CT. The toxin analogs reacted with antibodies against CT-A and CT-B on cellulose 
acetate strips and in a G,^, enzyme-linked immunosorbent assay; they reacted appropriately with B-subunit 
epitype-specific monoclonal antibodies in checkerboard immunoblots, and they formed precipitin bands with 
^Mi-gsnglioside in Ouchterlony tests. However, the reactions of the modified proteins with anti-A-subunit 
monoclonal antibodies were weaker than the reactions with wild-type holotoxins. K cholerae strains carrying 
ctxA*, with either ctxB-1 or ctxB'2, and inactivated zot genes were created by homologous recombination. The 
recombinant strains and the purified toxin analogs were inactive in the infant rabbit animal model. These 
strains may have use as attenuated live vaccines; the analog toxins themselves might have important 
applications in conjugate vaccines as well as in structure-function studies. 



Despite the availability of cholera vaccines in various forms 
since shortly after the first isolation of cholera vibrios by 
Robert Koch in 1883, a suitable cholera vaccine — one which is 
highly protective, economical, convenient, and without side 
effects — remains to be developed and deployed (reviewed in 
references 13, 14, and 27). The most promising current candi- 
dates include either living attenuated or killed vaccines admin- 
istered perorally; both kinds have been evaluated in human 
clinical studies and found to be less than ideal in one or more 
aspects. A conjugate vaccine, consisting of detoxified vibrio 
lipopolysaccharide (LPS) covalently linked to cholera entero- 
toxin (CT), has also been prepared (22) but has not yet been 
evaluated in humans. A potential drawback is that the pres- 
ence of free toxin remaining after the conjugation step neces- 
sitates additional purification and introduces some element of 
risk. Although CT is essential for the life-threatening diarrhea 
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of cholera, vaccines consisting of chemically inactivated CT 
administered parenterally, or of its immunodominant B-sub- 
unit protein administered perorally with killed vibrios, were 
minimally protective; in the latter instance, the results of an 
extensive field study suggested that the addition of the B 
subunit actually reduced the efficacy of the whole-cell vaccine 
(11). The B-subunit protein, by itself, has previously been 
shown to be a less effective immunogen than other forms of CT 
antigen, including the holotoxin itself (13, 14). However, the 
disease cholera is itself an effective immunizing process in 
which both antitoxic and antibacterial antibodies are produced 
locally and systemically (27), having been stimulated by the in 
vivo-grown vibrios and their products. It would thus appear 
that the most effective way to induce immunity would be to 
simulate the disease process without evoking its undesirable 
symptoms, i.e., by use of a live attenuated vaccine. 

CT is a multimeric protein exotoxin. The A ("active") 
protomer and the pentameric B ("binding") subunits are 
encoded by a single transcriptional unit, ctxAB (36). When 
posttranslationally modified by proteolysis and reduction (21 ), 
the catalytic A, subunit of CT is capable of ADP-ribosylating 
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the guanine nucleotide-binding protein, which regulates cell 
adenyiyi cyclase, leading to the severe diarrhea of cholera. The 
catalytic subunit of several ADP-ribosylating bacterial toxins 
share certain small regions of amino acid sequence identity 
(20, 41). Arg-9 is essential for enzymatic activity of pertussis 
toxin, and substitution of lysine for Arg-9 in the S-1 subunit of 
pertussis toxin abolishes ADP-ribosyltransferase activity and 
toxicity without altering a neutralizing epitope (8, 38). Simi- 
larly, the substitution of lysine for Arg-7 in the A subunit of 
CT, and in the A subunit of the CT-related heat-labile 
enterotoxin (LT) of Escherichia coli, eliminated ADP-ribosyl- 
transferase activity (9, 29). Substitution of aspartic acid for 
Glu-110 or Glu-1 12 severely repressed ADP-ribosyltransferase 
activity of LT (29). Chemical mutagenesis that resulted in the 
substitution of lysine for Glu-1 12 caused a loss of toxicity and 
ADP-ribosyltransferase activity (46, 47). The protein did, 
however, interact with ADP-ribosylation factor (ARF), the 
20-kDa guanine nucleotide-binding protein that serves as a 
GTP-dependent allosteric activator of CT and LT (34). Jobling 
and Holmes (24) have recently reported a variety of site- 
directed mutations of CT-A that had marked effects on 
holotoxin assembly and toxicity. To oiir knowledge, no one has 
yet substituted mutagenized ctxA for the wild-type gene in 
Vibrio cholerae. 

Employing site-directed mutagenesis, in the present study 
we have created mutant CT-A subunit genes with codon 
substitutions for both Arg-7 and Glu-1 12, changes that elimi- 
nated ADP-ribosyltransferase activity. Genes encoding inac- 
tive analogs of CT (CT-1* and CT-2*, representing the two 
major epitypes of CT [13, 14, 31, 39]) were inserted into the 
chromosome of wild-type K cholerae strains, including both 
serogroup 01 Inaba and Ogawa serotypes of El Tor and 
classical biotypes and the 0139 (synonym Bengal) serogroup 
currently epidemic in India and Bangladesh (10, 40). The 
resulting recombinant strains may have potential as living 
attenuated vaccines, and the CT analogs could themselves be 
useful in conjugate vaccines and in structure-function studies. 

MATERIALS AND METHODS 

Bacterial strains, plasmids, media, and culture conditions. 

The bacterial strains and plasmids utilized are described in 
Table 1. The E, coli cells were grown at 37°C in Luria-Bertani 
broth medium (43). Antibiotics (Sigma Chemical Co., St. 
Louis, Mo.) were added at the following concentrations (in 
micrograms per milliliter): ampicillin, 50; kanamycin, 50; chlor- 
amphenicol, 10; tetracycline, 12.5 (£. coli) or 5 (K cholerae). K 
cholerae was cultured in syncase broth (15) for electroporation 
or toxin production. 

DNA preparation, manipulation, and analysis. Plasmid 
DNA was extracted from £. coli DH5a cells by^ the alkaline 
lysis method of Bimboim and Doly (3). V. cholerae chromo- 
somal DNA was prepared as described previously (2). Stan- 
dard techniques (43) were used in the construction of recom- 
binant plasmids. Restriction enzymes were generally obtained 
from Promega (Madison, Wis.), and digestions were done with 
buffers provided by the suppliers under the recommended 
conditions. Restriction fragments were electrophoresed in 
horizontal 0.8% agarose gels in TAB buffer (43) and stained 
with ethidium bromide (0.5 M-g/ml). Restriction fragments were 
isolated from low-melting-point agarose (PMC BioProducts, 
Rockland, Maine) gels, melted at 55°C, and used directly in 
ligation reactions. Site-directed mutagenesis was performed as 
described previously (9). 

Southern blot transfers were performed in 20 x SSC (3 M 
NaCl, 0.3 M sodium citrate [pH 7.0]) with MagnaGraph nylon 



membranes (MSI, Westboro, Mass.). The probe, p3083 (5), 
was labelled with digoxigenin-U-dUTP by the random-primer 
method employed in the Genius System Kit (Boehringer 
Mannheim, Indianapolis, Ind.). Hybridizations were per- 
formed overnight at 55°C, and the membranes were washed at 
55°C with a final stringency of 0.1 x SSC plus 0.1% sodium 
dodecyl sulfate (SDS). Hybridizing bands were visualized by 
using the reagents and protocol for colorimetric detection 
provided in the Genius System Kit. 

The ctxAB locus was amplified by PCR with the oligonucle- 
otide primers 5'-dCTGTrAAACAAAGGGAGC-3' {cvcA) 
and 5'-dCGGTTGCTTCTCATCATCG3' (ctcB), using ap- 
proximately 0.5 \Lg of chromosomal DNA and employing the 
reagents and protocol of the GeneAmp kit (Perkin Elmer 
Cetus, Norwalk, Conn.). Thirty cycles of amplification were 
carried out in a Perkin Elmer DNA Thermocycler with strand 
denaturation fl min at 96°C), annealing (1.5 min at 49°C), and 
extension (1.5 min at 72''C). the amplified DNA products were 
cloned directly into the Hindi site of pGEM3Zf(+). 

Sequence analyses were carried out on an Applied Biosys- 
tems automated sequencer using dye terminators. The cloned 
PCR products were sequenced by dideoxy-chain termination 
reactions (44) with [a-^^S]dATP (NEN Research Products) 
and the Sequenase kit (United States Biochemical Corp., 
Cleveland, Ohio). Synthetic oligonucleotide primers were syn- 
thesized by the University of Missouri DNA Core Facility or at 
the Amgen-Boulder facility. 

Electroporation. The V. cholerae strains were transformed 
by electroporation, with slight modifications of a published 
procedure (32). Bacterial cells were grown to mid-log phase in 
20 ml of syncase medium (15) at 37°C, harvested and washed 
three times in the electroporation buffer (272 mM sucrose, 7 
mM Na2HP04 [pH 7.4], 1 mM MgClz), and resuspended in 1 
ml of the same buffer. After the plasmid DNA was added, the 
bacteria were subjected to electric shock (Bio-Rad Gene 
Pulser, 25-^jlF capacitance, 2.5 kV) and allowed to recover in 
1.5 ml of syncase medium at 37"'C. The bacteria were pelleted, 
resuspended in 200 jxl of medium, and plated on meat extract 
agar plates containing the appropriate antibiotics. 

Recombinant CT analog production. For CT* production, 
500-ml flasks containing 100 ml of syncase medium supple- 
mented with antibiotics were inoculated with 2 X 10* viable 
bacteria per ml and incubated pvemight (20 h) at 30°C with 
shaking. The recombinant toxin analogs were isolated from 
culture supematants and partially purified by Al(OH)3 adsorp- 
tion and elution (18). 

ARF-stimulated NADtagmatine ADP-ribosyltransferase ac- 
tivity. The NADragmatine ADP-ribosyltransferase assay was 
performed essentially as described previously (34). Four mi- 
crograms of partially purified recombinant toxins was incu- 
bated at 30°C for 10 min in 70 mM glycine-30 mM dithioth- 
reitol, pH 8.0. Wild-type CT holotoxin was treated similarly. 
Assay mixtures contained 50 mM potassium phosphate, pH 
7.5, 5 mM MgCl2, 100 m-M GTP, 20 mM dithiothreitol, 0.1 mg 
of ovalbumin per ml, 100 \xM [adenine-U-^'^CjNAD (approx- 
imately 100,000 cpm), 3 mM dimyristoylphosphatidylcholine, 
0.2% cholate, 10 mM agmatine, 0.5 jjig of recombinant ARF 6, 
and 0.5 \x.g of wild-type or recombinant toxin in a 150-jil total 
volume. After incubation for 1 h at 30°C, 50-|jlI samples were 
transferred to columns of AG1-X2, which were washed five 
times with 1 ml of water each time. All eluates were collected 
for radioaassay by liquid scintillation counting. 

Toxicity. Toxicity was assayed in vitro using Y-1 adrenal 
tumor cells (42) essentially as described previously (31). Sam- 
ples containing up to 100 ng of toxin antigen (as determined by 
a radial diffusion immunoassay [19]) were added in duplicate 
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TABLE ] . Bacterial strains and plasmids 



Jjlrain or plasraid 



Description 



Source (reference)" 



£.W/ DH5a 

V. cholerae 
JBK70 
CVDIOI 
CVDlOl/CT-1* 
CVDlOl/CT-2* 
CVD103 
CVD103/CT-1* 
CVD103/CT-2* 
C6706 

C6706/CT-1* 
C6706/CT-2* 
C7258 

C7258/CT-1* 
C7258/CT-2* 
SG25-1 

SG25-l/CT-r 
SG25-1/CT-2* 

Plasmids 
p3083 

pJM17 

pCT-A* 

p3083* 

pCT-2* 
p3083*-BstXI 

pCT-1* 

pGEM3Zf(+) 

pUCl9 

p657 



Host for recombinant plasmids 



ctxAB deletion derivative of El Tor, Inaba N 16961 

CT-A~ CT-B"^ deletion derivative of classical, Ogawa 395 

ctxA*B-h derivative of CVDlOl, Kan' 

ctxA*B-2, derivative of CVDIOI, Kan' 

CT-A" CT-B" deletion derivative of classical, Inaba 569B 

cixA*B-], derivative of CVD103, Kan' 

ctxA*B-2, derivative of CVD103, Kan' 

Wild-type El Tor, Inaba, from Peru, 1991 

ctxA*B-l, zot mutant derivative of C6706, Kan' ^ 
ctxA*B-2, zot mutant derivative of C6706, Kan' 
Wild-type El Tor, Ogawa, from Peru, 1991 ^. 

ctxA*B'l, zot mutant derivative of C7258, Kan' 
ctxA*B-2, zot mutant derivative of C7258, Kan' 
Wild-type, 0139 (synonym Bengal), from India, 1993 
ctxA*B-U zot mutant derivative of SG25-1, Kan' 
ctxA*B'2, zot mutant derivative of SG25-1, Kan' 



8.3-kb Pst\ fragment containing ctxAB-2 from V. cholerae 3083 

cloned into pBR328; Cml' Tet' 
5.1-kb EcoK\-Pst\ fragment containing ctxAB-I from K 

cholerae 569B cloned into pBR322; Tet' 
1.0-kb EcoRl'HincU fragment containing ctxA* with Arg- 

7-^Lys (CGG^AAG) and Glu-112->Gln (GAA-<:AG) 

changes in pUCl9; Amp' 
Derivative of p3083 in which the 0,8-kb Ndel fragment has 

been replaced by the analogous Ndel fragment from pCT- 

A*; Cml' Tet', CT-2* 
Derivative of p3083* with a Kan' gene inserted into the Nsil 

site within zot; Cml' Tet' Kan' CT-2* 
Derivative of p3083* in which the 0.75-kb BstW fragment has 

been replaced by the analogous BstXl fragment from 

pJM17; Cmr Tet' CT-1* 
Derivative of p3083*-Bj/XI with the Kan' gene inserted into 

the Nsil site within zot; Cml' Tet' Kan' CT-1* 
Amp' lacZa 
Amp' lacZa 

Amp' subclone of pBR322, a derivative of CoIEl, with 1 kb 
of rickettsial DNA inserted into HindlU 



BRL 



J. B. Kaper (28a) 
J. B. Kaper (28a) 
This study 
This study 
J. B. Kaper (28) 
Tliis study 
This study 
IC Wachsmuth, 
CDC 

This study 
This study 
K. Wachsmuth, 
CDC 

This study 
This study 
G. B. Nair (40) 
This study 
This studv 



T. J. Brickman (5) 
J. J. Mekalanos (36) 
This study 

This study 

This study 
This study 

This study 

Promega 
BRL 

G. A. McDonald, 
unpublished 



' BRL, Bethesda Research Laboratories; CDC, Centers for Disease Control and Prevention. 



to microtiter wells containing cultured Y-1 cells. CT-1 and 
CT-2 (1 ng each) were used as positive controls, and the results 
were recorded after 6 h of incubation. 

Enterotoxicity. The ability of recombinant toxin analogs to 
cause diarrhea, and the virulence of strains producing CT-1* 
and CT-2*, were assayed in infant rabbits by standard methods 
employed in our laboratory (16): toxin and toxin analogs were 
fed to rabbits in 5 ml of 1% Tris, pH 8.0, whereas the bacterial 
strains were inoculated intraintestinaDy. Choleragenic scores 
were calculated for experimental groups of three or more 
animals.. 

Antigens and antibodies. CT-1 and CT-2, used as standards, 
were purified in our laboratory from fermentor-grown cultures 
(18) of classical biotype, Inaba serotype V. cholerae strain 569B 
and El Tor biotype, Ogawa serotype strain 3083 T, respec- 
tively. Hyperimmune rabbit polyclonal antisera used in this 
study were previously raised in this laboratory against CT-1 A- 
and B-subunit proteins and against CT-2 B-subunit protein. 
Unlike the B-subunit proteins, the A subunits of the two 



biotypes are identical (12). Monoclonal antibodies (MAbs) 
against B-subunit proteins used in this study were described 
previously and included anti-CT-1 (a-CT-1) and a-CT-2 
classes I, III, and VI, a-H-LT class II, a-pDL-3 class IV, and 
a-S-LT class V (26). MAbs KB9 and 8E11 against the A 
subunit of CT-1 were also used (17). 

Microzone electrophoresis. The recombinant proteins were 
analyzed by using the Microzone cellulose acetate electro- 
phoresis system (Beckman Instruments Inc., FuUerton, Calif.) (6). 

SDS-PAGE and Western blotting (immunoblotting). Sam- 
ples of proteins were subjected to polyacrylamide gel electro- 
phoresis (PAGE) in 4% stacking and 15% separating poly- 
acrylamide gels and transferred onto nitrocellulose membranes as 
described previously (7). 

Gmi binding. G^i binding was evaluated by the Ouchter- 
lony double diflFusion in gel method. The checkerboard immu- 
noblotting procedure (25), the G,,^, modification (26), and the 
Gmi enzyme-linked immimosorbient assay (Gmi-ELISA) have 
been described (17). 
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RESULTS 

Construction of plasmids encoding CT-2* and CT*1*, Plas- 
mid pCT-A* was constructed by subcloning a synthetic oligo- 
nucleotide linker with an Arg-7-*Lys codon substitution 
(CGG-*AAG) into the mutated ctxA gene containing a Glu- 
I12-<}ln (GAA-<IAG) mutation, thus combining both 
codon substitutions. An 8.3-kb Pstl fragment carrying the 
ctxAB genes from K cholerae 3083, a CT-2 producer, was 
previously cloned into pBR328 (p3083) (5). To place the 
mutated CT-A subunit gene in a functional genetic environ- 
ment for toxin production, the wild-type cdcA gene of p3083 
was replaced with the mutated ctxA* gene by exchange of the 
analogous 0.8-kb Ndel restriction fragment containing most of 
the CT-A subunit gene, thus generating p3083*. The CT gene 
from V. cholerae 569B, which produces CT-1, was previously 
cloned into pBR322 (pJM17) (36). To combine the mutated 
CtxA* gene with the gene encoding the B subunit of CT-l, the 
0.75-kb BstXl fragment of pJM17, containing the majority of 
ctxB-1, was used to replace the BstXl fragment of p3083*. The 
presence of both codon mutations in plasmids p3083* and 
p3083*-BstXI, now encoding the toxin analogs CT-2* and 
CT-1*, respectively, was confirmed by DNA sequencing. Fur- 
ther, a Kan^ gene cassette was inserted into the Nsil site in the 
zot gene (1), which is located immediately upstream of ctxA*B, 
in p3083* and p3083*-BstXI, thus generating pCT-2* and 
pCT-1*, respectively. 

Construction of K cholerae strains carrying the inactive 
toxin gene. Plasmids pCT-1* and pCT-2* were introduced into 
wild-type El Tor biotype V. cholerae C6706 and C7258, 0139 
strain SG25-1, and mutant classical vibrio strains CVDIOI and 
CVD103 by electroporation. Strains carrying the plasmids 
were then transformed by a second, incompatible plasmid, 
p657, and selected for Amp resistance. Kan*^ vibrios that had 
lost all plasmid resistance markers (and thus should carry the 
Kan"^ cassette in the chromosomal zot gene after a homologous 
recombination event) were isolated that showed no toxin 
activity in the Yl assay. Southern blot analysis of restriction 
enzyme-digested chromosomal DNA of the recombinant 
strains and the wild-type parents demonstrated the expected 
larger size of the restriction fragments carrying the CT gene 
region in the mutant strains (Fig. 1). Interestingly, SG25-1 
wild-type DNA differs from that of the Peru isolates in both the 
Pstl and M/idlll digests, consistent with another report sug- 
gesting an amplification of the CT gene cassette in the 0139 
strains (48). However, the mutant strains created here show 
band patterns similar to those of the mutant strains created 
from the Peru isolates, indicating the deletion of all additional 
copies of CT genes. Since the Kan"^ gene qassette introduces a 
Hindlll site in the mutant DNA that is not present in the 
parental DNA, an additional band is observed ifi those lanes 
(Fig. 1). To confirm the presence of both point mutations in 
the CtxA genes and the successful recombination of the ctxB 
genes encoding the B subunit of CT-1 in C6706/CT-1*, C7258/ 
CT-1*, and SG25-1/CT-1*, the entire ctxAB operon was am- 
plified by PCR from both the mutant and parental wild-type 
strains; DNA fragments of approximately 1.2 kb were ampli- 
fied, cloned, and partially sequenced. In all mutant strains, 
codon substitutions for both Arg-7 and Glu-112 were present 
in the ctxA* genes. As expected, differences in nucleotide 
sequences between the ctxB genes encoding the B subunits of 
CT-l and CT-2 were found: the ctxB genes from C6706/CT-1* 
C7258/CT-1*, and SG25-1/CT-1* encode His-18 and Thr-47 
(CT-1), whereas those of C6706/CT-2*, C7258/CT-2*, and 
SG25-1/CT-2* encode Tyr-18 and Ile-47 (CT-2) (12, 39). 

Toxin analog characterization. Strain JBK70 was trans- 



C6707 C7258 SG25-1 C6707 C7258 SG25-1 

u h % h t-^ h 




Pst\ Hin6\\\ 

FIG. 1. Southern blot analysis, using p3083 as a probe, of chromo- 
somal DNA from K cholerae wild-type (wt) strains and their deriva- 
tives encoding recombinant toxins (CT-l* or CT-2*) digested with 
restriction enzymes Pstl and Hindlll. The Pstl digest reveals that the 
lower (smaller) band increases by approximately 1.3 kb due to the 
insertion of a Kan' cassette in zot. SG25-1, an 0139 serotype strain, 
differs from the El Tor biotype Ol strains from Peru, C6707 and 
C7258, but assumes the same pattern after recombination. The inser- 
tion of the Kan' cassette introduces an additional Hindlll site. SG25-1 
again differs from the El Tor biotype strains and assumes the same 
pattern after recombination. 



formed with plasmids pCT-1* and pCT-2* for the purpose of 
producing toxin analogs for analysis. The yields of analog 
proteins from plasmid-carrying strain JBK70 ranged from 
approximately 0.15 to 0.25 jxg/ml. Examination by Western 
blotting of the toxin analogs, CT-1* and CT-2*, partially 
purified with Al(OH)3, revealed unnicked A* (28 kDa), A/ 
(21 kDa), and B (11.5 kDa) protein bands (Fig. 2). Because 
CT-1*, CT-2, and CT-2* were rapidly isolated, the A subunit 




FIG. 2. Western blot analysis of partially purified CT analogs. The 
A-subunit proteins of CT-l*, CT-2, and CT-2*, prepared rapidly, were 
largely unnicked. CT-1*'^ and were pretreated with trypsin to 

form CT-A,*. The blots were developed using specific polyclonal 
rabbit a-A and a-B (1:1,000) prepared in this laboratory. 
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FIG. 3. Checkerboard immunob lotting analysis of the reactivity of 
CT and CT* with monoclonal and polyclonal antibodies and the effect 
of Gmi- a-CT-l class I recognizes only CT-l and CT-l*, a-CT-1 class 
III recognizes both CT-l and CT-2 and their derivatives but is blocked 
by Gmi- a-CT-l class VI recognizes both epitypes, but its reactivity 
with Cr-2 is blocked by Gmi - a-Cr-2 class I recognizes only CT-2 and 
its derivative. a-CT-2 class III and class VI recognize both epitypes and 
are blocked by Gm]. a-H-LT class II recognizes only CT-2 and CT-2*. 
a-pDL-3 class IV recognizes both epitypes and is blocked by Gmi- 
a-S-LT class V recognizes only CT-l and CT-l *. Polyclonal antibodies 
react with both epitypes and their derivatives similarly. 



was predominantly unnicked (4). When the toxin analogs were 
treated overnight at 24°C with 1.8 ^tg of typsin per ml (21), they 
were fully converted to a nicked form (Fig. 2). 

The partially purified toxin analogs migrated identically to 
wild-type CT in cellulose acetate membrane electrophoresis, 
and the single protein bands were stained with both a-A and 
ct-B polyclonal antibodies. To determine whether the amino 
acid substitutions affected the immunological properties of 
these toxin analogs, antitoxin MAbs (26) were used to compare 
the reactivity of the CT* proteins with wild-type toxins. The 
reactions of the toxins and their analogs with various antibod- 
ies in checkerboard immunoblotting are shown in Fig. 3. In 
contrast to CT-2 and CT-2*, CT-l and CT-l* are recognized 
by a-CT-l class I and a-S-LT class V MAbs but are not 
recognized by a-CT-2 class I, and a-H-LT class XL The 
reactions of a-CT-l class III, a-CT-2 class III and VI, and 
a-pDL-3 class IV MAbs with both CT epitypes and their 
derivatives were blocked by Gmi (Fig- 3). However, the 
reaction of a-CT-l class VI MAb was blocked by Gmi only 
with CT-2 and CT-2*. Polyclonal antibodies recognized mutant 
and wild-type proteins equally well. Thus, the immunological 
properties of the CT analogs, by these criteria, were identical 
to those of wild-type toxins. 

The ability of the B subunits of the toxin analogs to 
recognize and react with Gmi ganglioside was further exam- 
ined by Gmi immunodifliision-in-gel analysis (GMj-Ouchter- 
lony). Recombinant toxin analogs formed precipitation bands 
with Gmi ganglioside that were indistinguishable from those of 
wild-type CTs. Results of Gmi-ELISA indicated that the toxin 
analogs formed intact heteropolymers. The toxin analogs 
reacted well with polyclonal a-A and polyclonal a-B sera in 



this assay, showing that, in binding to Gmi, ^ pentamer 
carried the A subunit protein with it. However, the reactions of 
a-A subunit MAbs with both CT-l* and CT-2* were weaker 
than those with CT-l and CT-2 standards: i.e., the optical 
densities for the reactions between hybridoma supernatant 
(1:10) with approximately 100 ng of analog antigen ranged 
from 1.4- to 4-fold lower than those with the standards (e.g., 
0.16 to 0.3 versus 0.43 to 0.65). 

The purified toxin analogs, at up to 100-fold higher concen- 
trations, failed to ehcit the typical rounding of cultured Y-1 
adrenal tumor cells that was observed with wild-type toxins. 
Additionally, the toxin analogs possessed no NAD:agmatine 
ADP-ribosyltransferase activity in the presence of ARF. Infant 
rabbits infected with 10^ to 10 wild-type live vibrios or fed 5 \Lg 
of CT showed typical ante mortem symptoms or died of 
diarrhea. Significantly, none of the rabbits infected with re- 
combinant V. choleras strains producing CT* or fed 25 \Lg of 
CT* had diarrhea or fluid accumulation in the small intestines 
(choleragenic score, <1). K cholerae organisms were recov- 
ered in practically pure culture from the intestines of the 
rabbits challenged with wild-type and recombinant strains. 

DISCUSSION 

The ultimate goal of this work is the development of a 
cholera vaccine which is effective (preferably in a single dose), 
economical, convenient, and suitably nonreactogenic. For rea- 
sons which have been discussed elsewhere (13, 14, 27), none of 
the many candidate vaccines which have been developed in the 
past has met all of these criteria; they have been insufficiently 
potent, too reactogenic, too expensive and inconvenient, or 
exhibited a combination of these deficiencies. One promising 
vaccine candidate, CVD103-HgR (a CT-A" CT-B"" mutant of 
classical Inaba strain 569B), is well tolerated but, like its parent 
strain, poorly colonizes the gut; high doses are required (33), 
and it has a diminished protective efficacy against the more 
prevalent El Tor biotype (28). This reduced effectiveness 
against the El Tor biotype is yet unexplained but could relate 
to the fact that it is an A" B"*^ strain (i.e., it has no CT-A 
antigen); further, the B-subunit protein it produces is of the 
CT-l epitype, whereas most El Tor vibrios (except the Gulf 
Coast clone [personal observations]) produce CT-2. In addi- 
tion, CVD103-HgR does not produce the cell-associated man- 
nose-sensitive hemagglutinin that is characteristic of El Tor 
biotype strains (23) and, because of somatic antigen differ-' 
ences, it is likely to be ineffective against the new 0139 
serogroup strains. 

It is not clear why CT antigens containing A-subunit protein 
(e.g., the holotoxin or procholeragenoid) elicit stronger im- 
mune responses than the B-subunit pentamer (choleragenoid) 
(37). The fact that procholeragenoid (a heat-induced aggre- 
gate of CT) was minimally toxic, but equally as immunogenic 
as the holotoxin, would suggest that ADP-ribosyltransferase 
activity was not responsible for its enhanced immunogenicity. 
However, these observations are complicated by its hi^ 
molecular weight and slight residual CT-Iike activity. CT has 
been recognized since the pioneer study of Northrup and Fauci 
(35) to be a powerful immunodulator, having both adjuvant 
and immunosuppressive effects that are dependent on dose 
and time of administration. Lycke et al. (30) have recently 
reported that analog LT (with lysine substituted for Glu-112), 
lacking ADP-ribosyltransferase activity, like CT-B but unlike 
CT or LT, had no adjuvant activity for keyhole limpet hemo- 
cyanin. These investigators concluded that adjuvanticity was 
directly linked to ADP-ribosyltransferase activity, but since the 
amino acid substitution is rather nonconservative, altering the 
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pi of the protein (47), other explanations are clearly feasible. 
The immunogenicity of the analog and native proteins were 
not compared in the study by Lycke et al. (30). 

In the present investigation, conservative substitutions for 
both Arg-7 and Glu-112, each of which have been shown to 
eliminate ADP-ribosyltransferase activity, were introduced as 
codon substitutions into the gene encoding the catalytic A 
subunit of CT. The mutated ctxA* gene was joined with cloned 
ctxB genes from classical and El Tor biotype K cholerae strains 
to produce the recombinant toxin analogs CT-l* and CT-2*, 
respectively. The toxin analogs were partially purified and 
found to lack (i) toxicity for cultured adrenal tumor cells, (ii) 
ADP-ribosyltransferase activity in vitro, and (iii) diarrheagenic 
activity (in infant rabbits). They retained their ability to form 
heteropolymers and to interact with Gmi, and they reacted 
similarly to the wild type with MAbs against CT-B. However, 
their reactivity with a-CT-A MAbs was weaker than that of the 
wild type, perhaps reflecting some conformational difference in 
an epitope or epitopes, recognized by the a-CT-A MAbs, 
which are dependent on Arg-7 and/or Glu-112. 

The genes encoding the recombinant toxin analogs were 
introduced by homologous recombination into the chromo- 
somes of El Tor biotype K cholerae C6706 (Inaba) and C7258 
(Ogawa), recently isolated in Peru; SG25-1, an 0139 serotype 
strain from the current epidemic in India; and classical biotype 
mutant vibrios CVDIOI and CVD103, CT-A~ CT-B^ deriva- 
tives of strains 396 (Ogawa) and 569B (Inaba), respectively. 
Southern blot analyses indicated the insertion of the kanamy- 
cin gene in zot. Amplification of the CT genes by PGR and 
partial nucleotide sequencing confirmed the presence of both 
codon substitutions in the ctxA* genes and the appropriate 
cccB genes. Our observations do not as yet permit the likely 
conclusion that the original ctxB-I is retained in the classical 
biotype CT-2*-producing mutants; i.e., they could conceivably 
be producing chimeras of CT*-B-l and Cr*-B-2 which could 
be advantageous. Studies are in progress to enable us to make 
this determination. 

The El Tor and 0139 recombinant strains were avirulent in 
the infant rabbit animal model. Whether they are suitably 
avirulent for use in humans can be determined only by trial in 
volunteers. Previous studies with small numbers of volunteers 
have demonstrated that Tox~ mutants (e.g., JBK70), although 
diarrheagenic by themselves, elicited significant protection 
against subsequent challenge with the virulent wild type (28a). 
The mechanisms of this protection are not clear, although an 
antibacterial (anti-LPS) component was presumed to be in- 
volved since the challenged volunteers yielded fewer vibrios on 
coproculture. Whether engineered strains, expressing toxin 
analogs containing both A and B subunits would provide better 
and more durable homologous immunity remains to be tested. 
They could potentially also offer better cross-protection 
against related enterotoxins if A*B is more effective than B 
alone as an antigen and adjuvant. It is also evident from the 
recent volunteer studies with Tox" mutants that, even though 
CT is the factor responsible for the severe, life-threatening 
diarrhea of cholera, the vibrios have other mechanisms for 
causing milder forms of diarrhea. CVDllO, a mutant from El 
for biotype Ogawa serotype strain E7946 deleted for all 
known virulence factors, was still capable of causing diarrhea 
(mean stool volume of 861 ml) in 7 of 10 volunteers (45). The 
act of colonization may itself be diarrheagenic; alternatively, 
another, yet undiscovered, cholera enterotoxin may be respon- 
sible. As the capability of mutant K cholerae strains to cause 
diarrhea is still an unpredictable event, volunteer studies with 
the mutants described herein may provide useful information. 
Fpr example, derivatives of serogroup 0139 have yet to be 



tested in humans, and it is conceivable that the recombinant 
Peru El Tor biotype strains may be more suitable than strains 
previously tested. Additional mutations may be still needed, 
and it may be desirable to mix some of the recombinant strains. 
The analog toxins will be useful for future studies to evaluate 
the role of ADP-ribosyltransferase activity in the immunoge- 
nicity and adjuvanticity of CT. Nontoxic analogs consisting of 
an altered A subunit and CT-B-1 and Cr-B-2 may be useful as 
oral or conjugate parenteral vaccines (22). 
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Introduction 

With his description of the enterotoxicity of bacte- 
ria-free culture filtrate of Vibrio cholerae in 
1959, S. N. De set in motion a dynamic new era of 
cholera research. Through the molecular characteri- 
zation of cholera toxin and its mode of action the pa- 
thogenesis of cholera became exceptionaUy well 
understood. This in its turn has led to the develop- 
ment of oral vaccines against both cholera and di- 
arrhea caused by enterotoxinogenic Escherichia coli. 

The possibility that cholera was a toxin-mediated 
disease had been postulated already in 1884 by 
Robert Koch. However, this concept soon fell in gen- 
eral disregard, when both Koch himself and others 
were unable to elicit cholera-like disease by inject- 
ing (parenterally) culture medium from Vibrio 
comma {cholerae) and it was assumed that toxins had 
to act via the bloodstream. The pathogenesis of chol- 
era remained quite obscure for the next half-century, 
until in 1959, the situation changed dramatically. 
From India S. N, De could then report that a cell-free 
culture filtrate of V. cholerae after addition to the 
mucosal side of a ligated loop of the small intestine 
in a rabbit gave rise to fluid accumulation in the ex- 
posed loop*. 

This discovery started a new era in cholera 
research focussing on the characterization of the pu- 
tative "cholera toxin" that was implied by De's 
finding. Within a short time, Panse and Dutta^ des- 
cribed the excretion of toxin in the stool of cholera 
patients, and Craig^ both confirmed this and could 
demonstrate that cholera patients when recovering 
from disease had started to produce cholera toxin- 
neutralizing antibodies. These observations set the 
scene for the subsequent '^modern history" of chol- 
era toxin research, which in the ten-year period 
1969-1978 made the pathogenesis of cholera excep- 
tionally well understood. Furthermore, during the 
same period, certain strains of Escherichia coli and 



various other bacterial species were found to cause 
diarrhoeal disease by producing analogous entero- 
toxins. This made cholera the prototype of a much 
larger group of '*enterotoxic enteropathies" that 
were found to produce several hundred millions of 
diarrheal disease episodes each year. Based on the 
new knowledge about the enterotoxins and their 
mode of action, novel principles were also outlined 
which gave promise of the possibility to develop 
more effective diagnostic, therapeutic as well as pre- 
ventive methods for cholera and the related entero- 
toxic enteropathies. 

In 1978 a Nobel symposium was held in Stock- 
holm to review and discuss the remarkably rapid 
progress in knowledge about "Cholera and Related 
Diarrhoeas" that had taken place in the past two dec- 
ades ^ S. N. De participated in this conference and 
could then take pleasure in the fact that his early dis- 
covery of the rabbit loop-active toxic factor had not 
only stimulated a new and successful line of research 
on cholera and other diarrhoeal disorders with great 
promise for future practical medical applications, 
but it had as well provided a widely used biological 
research tool to biomedical scientists in many differ- 
ent disciplines 

Structure and Action of Cholera Toxin 

As mentioned, many of the discoveries that defined 
the role of cholera toxin in the molecular pathogene- 
sis of cholera were made in the ten-year period 
1969-1978. Among the most important ''chapters" 
were the ones listed below in a more or less chrono- 
logical order: 

(i) The identification in 1969-71 by Field, 
Greenough, Sharp and others, of the strong, practi- 
cally irreversible sfimulatory effect of cholera toxin 
on the adenylate cyclase/cyclic AMP system and of 
the link between cyclic AMP and intestinal electro- 
lyte and fiuid secretion; 
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(ii) The purification of cholera toxin by Finkel- 
,stein and LoSpalluto and others in 1969-70, and the 
subsequent elucidation by Holmgren, Cuaire- 
casas, S. van Heyningen and others in 1972-74 of the 
A-5B subunit structure of cholera toxin and the dif- 
ferent role of the two types of subunit in the toxin 
function: the 'Might" B subunits were shown to pro- 
vide tight, high-affmity binding of the toxin to cells 
and the "heavy" A subunit to mediate the direct cy- 
totonic action on intestinal adenylate cyclase leading 
to cyclic AMP formation and electrolyte and fluid 
secretion; 

(iii) The identification in 1973-75 by W. van 
Heyningen, Holmgren and Svennerholm, Cuatrecasas 
and others of the GMl ganglioside as the cell mem- 
brane receptor for cholera toxin; 

(iv) The elucidation by Gill, Moss and Vaughan, 
Selinger and others in 1977-78 of the intracellular 
enzymic mechanism by which the cholera toxin A 
subunit activates the adenylate cyclase system, in- 
volving NAD hydrolysis with ADP-ribosylation of 
the (G^) regulatory subunit of adenylate cyclase. 

I will not review here in any further detail these 
and the many additional contributions that led to 
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Figure I. Pathogenesis of cholera and the action of cholera toxin (for 
explanations, see text). 



cholera toxin soon becoming perhaps best defined of 
all bacterial toxins; several comprehensive reviews 
with appropriate references exist on this subject (see 
e.g. 4, 5). For the main topic of this article, which is 
to describe how the new knowledge about cholera 
toxin has led to the recent development of oral 
subunit vaccines against cholera and related di- 
arrhoeal disorders, it is sufficient to recite that by 
the end of the 1970s a fairly detailed picture of the 
pathogenesis of cholera had emerged based on the 
new understanding of cholera toxin (see Figure 1), 
which came also to guide the new era of vaccine de- 
velopment. 

New Cholera Vaccines 

There is a great need for an effective cholera vac- 
cine. Cholera remains an important cause of illness 
and death in many parts of the world, especially in 
Asia but also in many parts of Africa and the Middle 
East. Although cholera can be treated simply by oral 
and intravenous rehydration, diarrhoea treatment 
centers are still scarce in areas endemic for cholera, 
and use of an effective vaccine may be the most 
promising possibility to control the disease. How- 
ever, the parenteral whole-cell cholera vaccines that 
have existed since almost a century to prevent chol- 
era are no longer regarded useful from a public 
health standpoint, mainly because of the short dura- 
tion of protection they provide. Several field trials 
since 1960 have shown that these vaccines usually 
protect older people for only a few months and fail to 
protect many young children at all"*. 

The identification of the critical role of a toxin in 
the pathogenesis of cholera led to great expectations 
that a more effective cholera vaccine could be devel- 
oped based on use of a toxoid. However, a large field 
trial with a parenterally administered glutaraldehyde 
toxoid vaccine in Bangladesh in the mid-1970s failed 
to give any better protection than that achieved by 
previous parenteral vaccines. This did not come as a 
total surprise, however, since during the time it took 
to organize, execute and evaluate the trial, it had 
become more clearly apparent from animal studies 
that protective cholera immunity did not depend on 
serum antibodies that were mainly stimulated by the 
parenteral vaccination, but rather on mucosal secre- 
tory IgA antibodies produced locally in the gut. 
which are only inefficiently stimulated by parenteral 
antigen administration^ Therefore, since the late 
1970s, attention has turned instead to development 
of oral vaccines that could stimulate intestinal 
immunity more efficiently. 

The different modern'' approaches towards 
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development of cholera vaccines all have taken their 
departure from the new insights into the mechanisms 
of disease and immunity in cholera achieved during 
the 1970s and early 1980s. 

Firstly, the clarification of the subunit structure 
of cholera toxin and of the role in different subunits 
in the toxin action immediately suggested a way to 
prepare a safe and highly immunogenic ''toxoid'^ 
consisting of the purified cholera B subunits. Studies 
showed that the purified B subunit portion of cholera 
toxin was entirely devoid of toxicity, yet it contained 
selectively the protective toxin epitopes against 
which neutralizing antitoxin antibodies were di- 
rected. Indeed, it was found that the B subunit is par- 
ticularly well suited to oral immunization because it 
retains the ability to bind to the intestinal epithe- 
lium, which has been shown to be important for 
stimulating mucosal immunity in animals, including 
local immunological memory^. 

Another important line of vaccine research has 
focused on the gut mucosal immune system and how 
it can be stimulated by immunogens. These studies 
have defined the importance of locally produced IgA 
antibodies and IgA immunologic memory for protec- 
tion against cholera, and they have shown that the 
oral route of vaccine administration is usually supe- 
rior to the parenteral route in both priming and 
boosting the mucosal immune system^ 

A third important observation guiding the design 
of the new cholera vaccines has concerned the syner- 
gistic cooperation between antitoxic and antibac- 
terial immune mechanisms in cholera. Two main 
protective antibodies have been identified, one being 
directed against the V. cholerae cell wall lipopoly- 
saccharide (LPS) and the other against the cholera 
toxin B subunits. Either of these two types of 
antibody can confer protection against disease by 
inhibiting bacterial colonization and toxin binding, 
respectively; when present together in the gut they 
can have a strongly synergistic protective effect^ 

The intense vaccine development and research ef- 
forts during the last 10-year period have now pro- 
vided several oral vaccine candidates based on either 
non-living bacteria and purified B subunit antigen or 
on live attenuated mutants of Vibrio cholerae 01 
producing the B subunit. 



The Oral B Subunit-Whole Cell Vaccine 

The composition of this vaccine was designed 
safely provide the key antigens for evoking protec- 
tive antitoxic and antibacterial mucosal immunity 
against V. cholerae 01 of different serotypes (Inaba 
and Ogawa) and biotypes (classical and El Tor). As 



mentioned, the B subunit component is completely 
non-toxic and is an exceptionally potent oral immu- 
nogen because of its ability to bind to the intestinal 
mucosa. The whole-cell (WC) component provides 
protective LPS antigens as well as heat-labile bacte- 
rial antigens that may add further to the antibacterial 
immunogenic effect. 

The B-WC vaccine is given orally together with 
an alkaline buffer (provided by an effervescent tab- 
let) to protect the vaccine during passage through the 
stomach. The vaccine has been extensively tested in 
several clinical trials in Swedish, Bangladeshi and 
American volunteers. In these studies, the vaccine 
has proved to be completely safe with no adverse 
reactions, and after either two or three doses, it 
stimulates a gut mucosal IgA antitoxic and antibac- 
terial immune response (including memory) compa- 
rable to that induced by cholera disease itself^**. In 
American volunteers who received three oral immu- 
nizations with either the B-WC vaccine or the WC 
vaccine component alone, vaccination protected 
against challenge with a dose of live cholera vibrios 
that caused disease in 100 percent of concurrently 
tested unvaccinated controls^. 

Since 1985 the B-WC vaccine and fhe WC com- 
ponent without any B subunit (both vaccines being 
produced by Institut Merieux, France and the 
National Bacteriological Laboratory of Sweden) 
have been evaluated in a large, randomized, placebo- 
controlled field trial involving 89,596 vaccinated 
adults and children in Bangladesh. Both vaccines 
have been found to protect against cholera for at 
least three years. During the initial 4-6 month period 
after immunization the protective efficacy of BS-WC 
vaccine was 85%, and was similar for all age 
groups'^. Thereafter a protection level of ca 70% has 
persisted for at least three years in those over the age 
5, whereas in younger children protection decreased 
substantially after the initial 6 months". Two doses 
of either vaccine were equivalent to three doses with 
regard to long-term protective efficacy. The B-WC 
vaccine had the advantages over WC vaccine alone 
of a greater initial protective efficacy against chol- 
era'*'. In addition, the B-WC vaccine, in contrast to 
WC, gave substantial short-term protection against 
diarrhoea caused by LT as well as LT/ST 
enterotoxigenic £. cpli (67% protection against all 
LT E. call diarrhoea and 86% protection against 
severe disease)'-. Furthermore, the B-WC vaccine 
and to a lesser extent the WC vaccine, significantly 
decreased the over-all incidence of diarrheal disease. 
This impact was especially pronounced on severe, 
life-threatening disease which was reduced by nearly 
50% in this cholera endemic area'\ 

These results with the oral B-WC and WC 
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vaccines differ favorably from those achieved previ- 
ously using parenteral cholera vaccines. The short- 
term efficacy is notably higher for the oral vaccines 
with high-grade protection afforded also to the 
young children. In addition, and of greater public 
health significance, the duration of protection is 
much superior lasting at least 3 years for the oral 
vvaccines as compared with- 3-6 months for most 
parenteral vaccines tested. 

Work to further facilitate the use of these oral 
vaccines is also in progress, e.g. to prepare a tablet 
formulation containing vaccine in combination with 
alkaline buffer. This would facilitate storage and dis- 
tribution and probably also further increase the sta- 
bility of these already rather stable vaccines for use 
in cholera endemic areas. By utilizing recombinant 
DNA technology, it also seems possible to produce 
the B and WC components in a single step'-^. This 
could greatly simplify large-scale production of the 
B-WC vaccine, reduce costs as well as allow local 
production of this vaccine in developing countries. 

The strong, though relatively short-lasting cross- 
protection against diarrhea caused by LT-producing 
E. coli achieved with the B-WC vaccine also makes 
this vaccine a relevant immunoprophylactic agent 
for travellers to areas where cholera and/or £. coli 
diarrhea are prevalent. Indeed, based on these 
results, cholera B subunit is one component together 
with CFA-containing E. coli bacteria in a specific 
vaccine against E. coli diarrhea which is now being 
developed in our laboratory. 

Live Attenuated Cholera Vaccines 

Attenuated live organisms are appealing as oral chol- 
era vaccine candidates because of their ability to 
colonize the intestine and to stimulate an immune 
response in a manner analogous to natural cholera 
infection. Through sustained delivery of antigens to 
the mucosal immune system a live vaccine may have 
a greater probability than a non-living vaccine to 
evoke a satisfactory immune response after only a 
single dose. 

Recombinant DNA techniques have allowed the 
preparation of a series of V, cholerae 01 mutant 
strains in which the genes encoding both the A and B 
subunits of cholera toxin or just the A subunit have 
been deleted. Studies in human volunteers, have re- 
vealed that these strains evoke a protective immune 
response against challenge. However, even though 
the mutant strains were markedly attenuated com- 
pared with the parent strains they gave rise to di- 
arrhea (usually mild) in more than one-half of the 
v?iccinated volunteers which precluded their further 



testing as potential vaccines". Another more re- 
cently developed such strain, CVDl03-HgR, which 
was prepared by deleting the A subunit gene from V. 
cholerae 01 strain 569B by recombinant DNA tech- 
niques, has only rarely caused any diarrheal 
side-effects in volunteers and yet has elicited good 
antibacterial and antitoxic immune responses along 
with significant protection against challenge. This 
makes CVDl03-HgR an interesting candidate for 
expanded clinical trials now initiated in cholera 
endemic areas'^. 



B Subunits as Antigen Carriers 

Recently there has been much interest in the possi- 
bility to also use cholera B subunit as carrier 
for foreign antigens or epitopes for the purpose of 
achieving a mucosal immune response. The reason 
for this is that, even with oral immunization the 
stimulation of gut-associated lymphoid tissue by 
many antigens is often relatively inefficient, requir- 
ing large quantities of the immunogens and yielding 
only modest antibody responses. Notable exceptions 
are cholera toxin and (in humans) its B subunit com- 
ponent, which are potent enteric immunogens elicit- 
ing strong mucosal immune responses. As mentioned 
above, this is to a large extent due to the ability of 
these proteins to bind avidly to GMl gangli- 
oside receptors on cell surfaces, and also, at least for 
cholera toxin, to the immunomodulating activity of 
these proteins. It might even be possible with 
this approach to achieve protective immunity 
also in mucosal or glandular tissues distant from the 
intestinal mucosa itself. 

Indeed, in a recent study '\ it was shown that oral 
administration of microgram amounts of a putative 
caries-protective antigen of Streptococcus mutans 
called protein antigen I/II when covalently coupled 
to the B subunit of cholera toxin elicited a vigorous 
mucosal as well as extramucosal IgA and IgG anti- 
streptococcal antibody response in mice. These re- 
sponses, which were not achieved when antigen I/II 
was given in free form or coupled to bovine serum 
albumin, were manifested by the presence of large 
numbers of antibody-secreting cells in salivary 
glands, intestine and spleen as well as by the devel- 
opment of high levels of circulating antibodies. 

* Hybrid proteins between cholera B subunit (CTB) 
and foreign antigens for immuno-protection can be 
prepared by chemical coupling or by genetic fusion. 
In the genetically engineered CTB overexpression 
system mentioned above the possibility of obtaining 
CTB-derived hybrid proteins by gene fusion was 
described as an extra bonus'^ This could allow Hnk- 



668 



CURRENT SCIENCE, VOL. 59. NOS. 13 & 14, 25 JULY 1990 



FROM CHOLfeRA TOXIN TO SUBUNIT VACCINES 



age of various peptide antigens to CTB for im- 
munoprotection studies against various viral, bacte- 
rial and parasitic diseases. The accessibility of this 
approach has recently been demonstrated by the fu- 
sion and expression of a synthetic DNA sequence 
encoding a nontoxic decapeptide antigen, derived 
from the heat-stable enterotoxin, to the CTB gene'l 
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5. A pharmaceutical composition according to claim 4, wherein said carrier is an 
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6. A pharmaceutical composition according to claim 5, 
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ii) fractionating the partially purified preparation "by reversed phase high 
performance liquid chromatography with triethylamine or a salt thereof; and 
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Differences in binding affinities of human PTH(l-84) do not 
alter biological potency: a comparison between chemically 
synthesized hormone, natural and mutant forms. 



Olstad OK, Morrison NE, Jemtland R, Juppner H, Segre GV, Gautvik 
KM 



Institute of Medical Biochemistry, University of Oslo, Norway. 

Related Resources 

The purpose of this study was to evaluate receptor binding affinities and 
biological properties in vitro and in vivo of various recombinant hPTH(l-84) 
forms representing the natural hormone and a mutagenized hPTH form, 
[Gln26]hPTH(l-84) (QPTH), after expression in E. coU and Saccharomyces 
cerevisiae. In LLC-PKl cells stably transformed with the rat PTH/PTHrP 
receptor, chemically synthesized hPTH(l-84) and QPTH showed a reduced 
binding affinity (apparent Kd 18 and 23 nM, respectively) than the 
recombinant, hPTH(l-84) (apparent Kd 9.5 nM). All recombinant hPTH 
forms showed a similar potency to stimulate cellular cAMP production 
(EC50 1.5 nM) and significantly better than chemically synthesized hPTH 
(EC50 5.7 nM). All hormone forms showed an about equipotent activity in 
causing elevation in serum calcium, increased excretion of urine phosphate, 
and cAMP. Thus, the natural recombinant PTH forms showed higher binding 
affinities and adenylate cyclase activation potencies in LLC-PKl cells, but 
the reduced receptor binding afiSnity exerted by QPTH did not transcend 
differences in cAMP generation and in vivo biological activities. 
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overlapping YACs ordered on the basis of shared 
landmark content [chiefly sequence-tagged sites 
(STSs) (Olson et al. 1989)]. The contigs were posi- 
tioned using markers that were also present in the 
available genetic (Murray et al. 1994; Dib et al. 
1996) or radiation hybrid (RH) maps of the human 
genome. The average STS spacing of these combined 
maps is ~ 1/250 kb for the whole genome maps 
(Chumakov et al. 1995; Hudson et al. 1995), and up 
to 1/70 kb for selected single chromosomes (Chu- 
makov et al. 1992; Foote et al. 1992; Collins et al. 
1995; Doggett et al. 1995; Gemmill et al. 1995; 
Krauter et al. 1995; Bouffard et al. 1997; Nagaraja et 
al. 1997). Although long-range continuity was ob- 
tained with these maps, human YACs were not con- 
sidered suitable substrates for large-scale genomic 
sequencing in general, because of the high degree of 
chimerism and the instability observed in a large 
proportion of the YAC clones (Green et al. 1991; 
Nagaraja et al. 1994). Therefore, these early maps 
must be converted to a practicable reagent to sup- 
port the large-scale sequencing of the human ge- 
nome. More recently, RH mapping has been used to 
construct a physical map of the human genome,^ 
containing 30,181 unique gene-based markers {Dp 
loukas et al. 1998). Mapped markers from both/ne 
gene map and the YAC based maps form th^asis 
for the construction of bacterial clone majrs for se- 
quencing. 

For the human genome, an iTnp6rtant break- 
through for building sequence-re^dy maps was the 
development of the new large ^imert (up to at least 
200 kb) bacterial- and PT^^tnificial chromosome 
(BAC and PAC, respectiy^) (Shizuya et al. 1992; 
loannou et al. 1994)^^ning systems and the con- 



Table 2j^acterial Clone Libraries That Are Currently Available 
for ^Uman Sequencing 



Library 


Type 


Source 
DNA 


Number 
of clones 


Average 
size (kb) 


Coverage 

(X) 


RPCl-l, 3, 4, 5 


PAC 


male 


438,737 


114 


16 


RPCI-6 


PAC 


female 


87,897 


135 


4 


RPCI-n 


BAC 


male 


437,034 


174 


■25.3 


BAC library D 


BAC 


male 


280,000 


170 


16 


Library 


Vector 




Site 


URL 




RPCI-1, 3, 4, 5 
RPC1.6 
RPCI-1 1 
BAC library D 


pCYPAC2 
pPAC4 
pBACe3.6 
pBeloBACI 1 


Mbo\/BamH\ 
Mbo\/BamH\ 
fcoRI 

Hind\\\ or £coRI 


http://bacpac.med.buffalo.edu 
http://bacpac.med.buffalo.edu 
http://bacpac.med.buffalo.edu 
http://www.tree. caltech.edu 



RPCI libraries are from the Roswell Park Cancer Institute Group of Pieter de Jong. BAC library 
0 is from the Caltech group of Ung-jin Kim, Hiroaki Shizuya, and Melvin: Simon. 



struction of comprehensive human genomic librar- 
ies. There are currently a number of libraries avail- 
able, with a combined 60-fold /representation (see 
Table 2), and more are presently under construction 
(P. de Jong and U.-J. Kim, pers/ comm.). Clones from 
these libraries are stable and^ contain few rearrange- 
ments on the basis of the ydata available so far (Shi- 
zuya et al. 1992; loannoi/ et al. 1994). 

Our strategy for constructing sequence-ready 
maps (Fig. 1) consisi;s of screening for bacterial 
clones using a highyuensity of STSs (15/Mb on av- 
erage). These markers were initially taken from the 
available YAC mafps (for chromosomes 2, 7, 22, and 
X) and were su^lemented with all other markers in 
the public domain. For chromosomes 1, 6, and 20, 
markers depived hom ESTs (Hillier et al. 1996) and 
flow-sorted chromosomes (Ross and Langford 1997) 
were used together with existing markers to as- 
semble integrated maps by RH mapping (Cox et al. 
199;2(; Walter et al. 1994; Mungall et al. 1996) (maps 
ape available at http://www.sanger.ac.uk/HGP/ 
map). The bacterial clones are assembled into 
contigs by comparative restriction fingerprint 
analysis (Coulson et al. 1986; Olson et al. 1986; Gre- 
gory et al. 1997; Marra et al. 1997) and landmark 
content mapping (Green and Olson 1990). The 
nonuniform distribution of markers means that 
many gaps remain at this stage, but contigs are then 
extended and joined by the generation of new 
markers at their ends. Some larger gaps are also filled 
using region-specific probes generated from bridg- 
ing YAC clones. A minimally overlapping subset of 
the bacterial clones is selected for sequencing by 
manual inspection of the overlapping fingerprints 
relating to each clone. All selected clones are veri- 
fied by ensuring that all avail- 
able restriction patterns, land- 
mark content, and fluorescent 
in situ hybridization data for 
each clone are entirely consis- 
tent. This general approach 
has two advantages over other 
methods such as whole- 
genome shotgun (Weber and 
Myers 1997; Venter et al. 
1998) or end-sequencing BAC 
clones followed by walking 
(Venter et al. 1996). Neither 
of the latter approaches can 
be coordinated efficiently to 
minimize overlap between 
collaborating groups, nor do 
they make use of all the avail- 
able map information that 
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Recombinant human [Cys281]insul!n-!ike growth 
factor-binding protein 2 inhibits both basal and insuUn-like 
growth factor l-stimulated proliferation and collagen 
synthesis in fetal rat calvariae. 

Feyen JH, Evans DB, Binkert C, Heinrich GF, Geisse S, Kocher HP 

Department of Endocrinology, Sandoz Pharma Limited, Basel, Switzerland. 

It is recognized that insulin-like growth factors (IGFs) are bound to specific 
high-affinity insulin-like growth factor-binding proteins (IGFBPs). The role 
of IGFBPs in bone metabolism is not well established. The effect of 
recombinant human [Cys281]IGFBP-2 ([Cys281]rhIGFBP-2) on bone 
formation in 2 1 -day-old fetal rat calvariae was investigated. 
[Cys281]rhIGFBP-2 was expressed in and purified from conditioned medium 
of a clonal Chinese hamster ovary cell line. IGF-I-stimulated cell proliferation 
was inhibited dose dependently by [Cys281]rhIGFBP-2, with half-maximal 
inhibition observed at 2 x 10(-8) M. Suppression of the IGF-I-stimulated 
DNA synthesis was observed at an apparent dose ratio of 1 : 10. 
[Cys281]rhIGFBP-2 (10(-6) M) also inhibited the basal incorporation of 
[3H]thymidine into DNA by up to 45%. Insulin-stimulated cell proliferation 
was not affected in the presence of the binding protein. In addition, 
[Cys281]rhIGFBP-2 inhibited bone collagen synthesis under basal and 
IGF-I-stimulated conditions. In contrast, [Cys281]rhIGFBP-2 did not alter 
the parathyroid hormone-stimulated bone cell proliferation rate. In 
conclusion, binding of hIGF-I to rhIGFBP-2 results in an inhibition of the 
actions of free IGF-I on bone cell replication and matrix synthesis. 
Parathyroid hormone-stimulated cell proliferation is not mediated by an 
increase in fi-ee IGFs. 
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progress so far, we are confident that the prospects 
are excellent for sequencing the rest of the human 
genome by 2005, as part of an international collabo- 
rative effort involving many laboratories (see Table 
1). In this article, we describe our work to date and 
discuss the problems we have solved so far and the 
issues that still must be addressed. 

Determining the Human Genome Sequence 

A key to the success of the C. elegans sequencing 



project was the availability oj an almost complete 
physical map of the genome m overlapping cosmids 
that were joined by bridgin/ yeast artificial chromo- 
some (YAC) clones (Coul^n et al. 1986, 1988). A 
minimally overlapping /ubset of cosmids was se- 
lected from the available contigs for most of the 
sequencing, and this/s now being complemented 
by shotgun sequen^ng of selected YACs to finish 
the project. 

In contrast, yrtie most comprehensive physical 
maps of the human genome have comprised sets of 



Table 1. International Consortium of Laboratories Involved^ in Large- Scale Sequencing 



Laboratory 



URL 



Applied Biosystems Division (ABD) of Perkin-Elmer 

Corp., CA USA 
Baylor College of Medicine (BCM), Houston, TX USA 
The California Institute of Technology, Pasadena, 

CA USA 

The Cold Spring Harbor Laboratory, NY USA 
The DNA Database of japan (DDBj) 
The European Bioinformatics Institute (EBI) 
Genome Sequencing Centre (CSC), Washington 

University School of Medicine, St. Louis, MO Ij^A 
Genoscope, Evry, France 
The Institute for Genomic Research (TICR) 
The Institute of Molecular Biotechnology (I^B), 

jena, Germany 
Japan Science and Technology Corporaj?&n GST), 

Tokyo, japan 
The joint Genome Institute (JGI), \J.y. Dept. of 

Energy, Berkeley, Livermore, CA^OSA 
The Max-Planck-lnstitut fur Mol^ulare Cenetik, 

Berlin, Germany 
The Medical Research Coun^ (MRC), London, UK 
The National Center for Biotechnology 

Information (NCBI), B^hesda, MD USA 
The National Human/jenome Research Institute 

(NHGRI), Bethes^ MD USA 
National Institute^f Genetics, Shizuoka, japan 
Roswell Park C^cer Institute (RPCi), Buffalo, NY USA 
The Sangef^entre (SC), Hinxton, UK 
StanforpH-iuman Genome Center (SHGC), 

Stafiford, CA USA 
The University of Oklahoma (UO), OK USA 
University of Texas Southwestern (UTSW) Medical 

Center, Dallas, TX USA 
The University of Washington (UW), Seattle, WA USA 
The Wellcome Trust, London, UK 
The Whitehead Institute (Wl) 



http.mvww/ibc.wusti.edu/cgm/ 

http:/gc,bcm.tmc.edu:8088/cgl-bin/seq/home/ 
(tp://wvvw.tree.caltech.edu/ 

http://clio.cshl.org/ 
http://www.ddbj.nig.ac.jp/ 
http.//www.ebi. ac.uk/ 
http://genome.wustl.edu/gsc/ 

http://www.genoscope.cns.fr/ 

http://www.tigr.org/tdb/humgen/progressmap.html 

http://genome.imb-jena.de/ 

http://www-alis,tokyo.jst.go.jp/HGShome.html 

http://www.jgi.doe.gov/ 

http://www/mpimg-berlin-dahlem. mpg.de/ 

http://www.mrc.ac.uk 
http://www.hcbi.nlm.nih.gov/ 

http://www.nhgri.nih.gov/ 

http://www.nig.ac.jp/ 
http://rpci.med.buffalo.edu/ 
http://www.sanger.ac.uk/ 
http://www.-shgc.stanford.edu/ 

http://www.genome.ou.edu/maps/ch22.html 
http://gestec.swmed.edu/ 

http://www.genome.washington.edu 

http://www.wellcome.ac.uk/ 

http://www-genome.wi.mit.edu/ 



The international consortium was formed in 1 996, with the aim of determining the complete sequence of the human genome. The 
consortium unanimously endorsed the Bermuda statement that "all human genomic sequence information should be freely available 
and in the public domain in order to encourage research and development and to maximize its benefit to society." The consortium 
is still evolving (laboratories adopting the data release policy can join at any time), and as a result this list is not exhaustive. 
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Recombinant human parathyroid hormone synthesized in 
Escherichia coli. Purification and characterization. 



Rabbani SA, Yasuda T, Bennett HP, Sung WL, Zahab DM, Tam CS, 
Goltzman D, Hendy GN 

Department of Medicine, McGill University, Montreal, Quebec, Canada. 



Related Resources 



Recombinant human parathyroid hormone (hPTH) was expressed in 
Escherichia coli harboring a plasmid containing a synthetic human 
parathyroid hormone gene under the control of the E. coli lac promoter. 
Three major forms of the hormone were isolated by acid extraction and 
purified to homogeneity by high performance liquid chromatography. By 
an^no acid analysis and NH2-terminal sequencing, these were identified as 
hPTH-(l-84), formyl-methionyl-hPTH.(l-84), and hPTH-(8-84). The 
recombinant hPTH-(l-84) was immunologically indistinguishable firom a 
World Health Organization standard of extracted native hPTH-(l-84). 
Recombinant hPTH-(l-84) was also bioactive in renal and skeletal adenylate 
cyclase assays. In the skeletal bioassay performed in UMR 108 osteosarcoma 
cells its activity was identical to that of an hPTH-(l-84) standard. In this 
bioassay, formyl-methionyl-hPTH-(l-84) had 10% of the activity of 
hPTH-(l-84) and hPTH-(8-84) was inactive. The results demonstrate the 
importance of isolating hPTH-(l-84) fi-om other recombinant forms and 
metabolites to achieve fijll hormonal bioactivity and indicate that purified 
recombinant hPTH-(l-84) can thereby be obtained which should be a usefiil 
source of hormone for both basic and clinical studies. 
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Expression and characterization of a recombinant human 
parathyroid hormone secreted by Escherichia coli employing 
the staphylococcal protein A promoter and signal sequence. 

Hogset A, Blingsmo OR, Saether O, Gautvik VT, Holmgren E, 
Hartmanis M, Josephson S, Gabrielsen OS, Gordeladze JO, Alestrom P, 
et al 

Related Resources Institute of Medical Biochemistry, University of Oslo, Blindem, Norway. 

Human parathyroid hormone (hPTH) is a peptide hormone consisting of 84 
amino acids (hPTH(l-84)). Employing the promoter and signal sequence of 
Staphylococcus aureus-protein A we have expressed hPTH in Escherichia 
coli. The expressed proteins are excreted to the growth medium, allowing for 
rapid and easy purification of the desired products. By amino acid sequence 
analysis and mass spectrometry, we have shown that the major excreted 
product is correctly processed human identical hPTH(l-84). The purified 
recombinant hPTH(l-84) stimulates adenylate cyclase activity in rat 
osteosarcoma cell membranes to exactly the same extent as synthetic 
parathyroid hormone standards, indicating that the recombinant product has 
fiiU biological activity. 
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